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NOW—MORE SPEED, MORE 


...to spin down samples faster 
... to isolate smaller molecules 


Those who use laboratory centrifugation to separate, concentrate, and 
isolate macromolecules now have at their command nearly 200,000 g’s 


of centrifugal force in the rugged, easy-to-operate Model L Preparative 
Ultracentrifuge. 


These higher forces are possible with an increase in the top speed of 
current-production Model L’s from 40,000 to 50,000. rpm—and with 
development of a new, higher-speed angle rotor. The new rotor holds 
100 ml in ten tubes, and at maximum speed generates 198,000 g at the 
outer tube edge—54,000 g more than previous Model L angle rotors. 


Centrifugal separations thus become an even more powerful laboratory 
tool... work can be completed faster... even smaller proteins, viruses, 
and other molecules can be sedimented. 


For more information on the 50,000 rpm Model L and the new Type 50 
rotor, please write Beckman Instruments, Inc., Spinco Division, Stanford 
Industrial Park, Palo Alto, California, for Data File L-5. 


® 
Beckman Spinco Division 


Beckman Instruments, Inc. 


sclence is published weekly by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D.C. Second-class postage “> at Washington, D.C., and 
additional mailing Office. Annual subscriptions: $8. 50; foreign postage, $1.50; Canadian postage, 75¢. 
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Marine Animal Sounds; Forthcoming Events 


Fluorescence photomicrograph of human chromosomes from a peripheral blood cul- 
ture. The preparation was treated with serum from a patient having lupus erythematosus 
and was subsequently stained with fluorescein-labeled horse antihuman globulin. The 
human serum containing antinuclear factors apparently reacted with the chromosomes. 
After the subsequent application of fluorescent antibody, the chromosomes could be 
seen as yellow, glowing structures when stimulated with ultraviolet light. Normal serum 
did not react with the chromosomes and did not stain with fluorescent antibody. All 
of the 23 pairs of chromosomes fluoresce. The resting nuclei also show fluorescence 
(about X 2700). See page 284. [R. S. Krooth, University of Rochester Medical Cen- 
ter, Rochester, New York] 


256 
Science and the News 
Reports 


SCIENCE, VOL. 134 


Now-De Naan Simultaneously 
RD-ATOMIC FLAME PHOTOMETER PROVIDES TWO DETERMINATIONS FROM 
Asingle sample (diluted 1:200)- Only the Baird-Atomic Flame Photom- 
and a flick of a switch...that’s allittakes eter offers you the combined advan. 
: Photometer, Model KY. Tedious calcula- Instantaneous megq/liter readout 
: tions, between-run cleanings and recali- Double beam instrument accu 
Itsexclusive B/A Multilayer Filterspro- eous single-sample 
_ struments. Compact and portable, the B Flame Photometer en: fica- 
el KY operates equally wellonman- | tions. Metals AnalyzedandGuaranteed Sensi =| 
ufactured, natural or bottle gas. Because | ‘vty offull scale): 
of its sealed air system and thorough Metal | meq/! | 
: Write today for more complete infor | 
mation... Engineersand scientists—in- | epreducibility : #0.5% av. Size: 15" x 17" x 16" 
7 
246 


PIONEERING 


AT BELL TELEPHONE LABORATORIES 


In such an open field as this Dr. Karl Jansky of Bell 
Laboratories opened the way to radio astronomy. His 
search for a mysterious source of radio noise led him—and 
us—to the stars for our answer. 


Today Bell scientists continue their pioneering in many 
fields—among them the transmission of human voices on 
beams of coherent light. Bell Laboratories’ revolutionary 
Optical Maser foreshadows the use of light as a whole 
new medium of telephone, TV and data communications. 


These are but two of the many fundamental 
advances which have come from breaking fresh 
ground at the world center of communications 
research and development. 
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The main features of this analyzing system are: (a) the beam can be 


delivered to any of three different experimenta! areas, focused to a 
small spot or spread out over a large area to facilitate target cooling; 
(b) net energy dispersion of the beam after deflection is negligible. 
This means that maximum beam of the desired energy is available 
because particles of varying energies move along the same center line 
into target regions; (c) in the deflecting magnet system there is a large 
energy dispersion at a collimator, which selects the required energy 
spectrum with a precision of 0.1 per cent or better; (d) the part of the 
electron beam discarded at this collimator or elsewhere in the system 
produces x-rays, the major portion of which are directed away from 
experimental areas; (e) the system can be converted to handle positrons 
produced in a shower target close to the entrance of the deflecting 


magnet system. 


High Power Linacs 


In a recent discussion of 
High Energy Linacs, we indi- 
cated that the power of the new 
accelerators, plus better energy 
resolution opens up intriguing 
possibilities for the experimental 
physicist. One of these pos- 
sibilities involves production of 
a monoenergetic gamma-ray 
beam, with adjustable energy, 
heretofore just a dream. 

Positron annihilation in flight 
in a thin target produces such 
a gamma-ray beam. The linac 
electron beam is used to pro- 
duce positrons in a wide energy 
spectrum in a shower target. 
These particles are  energy- 
analyzed in a deflecting magnet 
before they impinge upon the 
annihilation target. Energy se- 
lection of the gamma rays is 
accomplished by varying the 


magnetic field of the deflecting 


magnet. The conversion factor 
is small, so it is essential to have 
an intense electron beam. It is 
not essential, however, to have 
a high degree of beam-energy 
homogeneity. 

An experiment in which beam- 
energy homogeneity is impor- 
tant is the spectroscopic study 
of inelastically-scattered elec- 
trons from nuclei. Magnetic 
spectrometers for this kind of 
experiment can be built with a 
resolution of better than 0.1 per 
cent, and the electron beam 
must be analyzed to this accu- 
racy before it impinges upon 
the scattering target. 


Hot Electron Beams 


The high accuracy and power 
called for in these experi- 
ments requires considerable 
beam-handling ingenuity. The 
problems may be illustrated: A 
typical high-energy linac will 


Typical high power electron beam 
analyzing and deflecting system 
for 10 to 80-Mev, 30 kw linac 

1. Linac 

2. Positron Target 


3. Deflecting Magnet System 
and Energy-Defining Slits 


4. Focusing Lens 
5. Neutron Target 
6. Terminating Magnet | 
1. Targets (3) 
8. Monoenergetic Gamma Target | 
9. Switching Magnet 

10. Equipment Room 


put 45 kw of high-energy elec- 
trons on a one-half centime- 
ter square—this equals 180 
kw/cm?, enough to vaporize 
any known material in a few 
seconds. To make such a system 
fail-safe requires precisely-pro- 
tected beam slits and electron 
scattering devices, and spe- 
cially cooled vacuum chambers, 
in addition to the analyzing and 
collimating equipment. The sit- 
uation is complicated by an 
x-ray background which pro- 
hibits use of organic materials 
for coil insulation and vacuum 
gasketing. 

The beam analyzing and de- 
flecting system is an increas- 
ingly complex and important 
part of the linac experimental 
facility. An inadequate system 
will greatly reduce the acceler- 
ator’s research utility. Fortu- 
nately, High Voltage Engineer- 
ing has had years of experience 
designing and building ex- 
tremely accurate, magnetic ana- 
lyzing systems to guaranteed 
specifications. 


HicuH VOLTAGE; ENGINEERING 
CORPORATION 


BURLINGTON, MASSACHUSETTS, U.S.A. 
APPLIED RADIATION CORPORATION 


HIGH VOLTAGE ENGINEERING (EUROPA) N.V. 
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Arms Control and Self Control 


Expectation of gaining a propaganda advantage has led the United 
States and Great Britain to ask the U.N. General Assembly to review 
the nuclear test-ban talks, which in almost three years of effort have 
failed to produce a treaty. The West at this juncture has a good case. 
Failure to reach agreement does not hinge on some subtle, technical 
point concerning, say, the conditions under which an on-site inspection 
may be initiated. The result of such a dispute might be that even if the 
West were correct, it might find it difficult to make its position under- 
standable. The failure results rather from the not-so-subtle Soviet de- 
mand that, in effect, any proposed on-site inspection of a suspected 
violation must be open to veto by the suspected party. 

The very blatantness of this demand has been the cause of specula- 
tion about why the Soviets choose to proceed in this fashion. One theory 
has it that the Russians want to provoke us into renewed testing, so 
that they can test weapons in the atmosphere and still have the blame 
fall on us. Another theory is that they cannot afford to have inspec- 
tion teams moving through the Soviet Union, and so are using the talks 
to reinforce their position in the U.N. concerning the organization of 
the U.N. directorate. What the Soviets want in the U.N. is a three-man, 

r “troika,” council—East, West, and neutral—with each member pos- 
sessing veto power. There is probably some truth in both these theories 
and in a few other theories as well. 

Whichever theory is the most true, one thing is clear. The Soviets 
see more advantage in the treaty for the West than for the East. To 
the Soviets, the West may be in the position of a gladiator armed with 
net and trident who wants to negotiate a treaty regulating the use of 
sword and buckler. The test-ban talks have aroused considerable inter- 
est in the United States in the technology and psychology of arms con- 
trol. If we are determined to see in the present failure some hope for 
actually instituting somewhere a system of arms control, then the 
lesson is that in future efforts we must look for agreements in which all 
parties stand to gain equally, or think they do. 

From the viewpoint of effective propaganda, simple as is the West’s 
case, it still does not, it is true, capture the sweep of the Soviet 4-year 
plan for complete and universal disarmament. To do this, we would have 
to come up with something like a 4-year plan for the complete and 
universal abolition of poverty. Yet the West’s case ought to convince a 
few uncommitted persons and nations. There should be enough grim 
humor in the world to appreciate the virtues of an inspection system 
which is designed to prevent bootlegging and yet which permits the 
bootlegger to suspend surveillance whenever it comes time to run the 
still. 

Present efforts to show how the Soviets put up obstacles to disarma- 
ment are necessary to prepare public opinion for the possibility of our 
resuming, in the absence of an inspection system, nuclear weapons 
testing. But our position in the East-West struggle may also be improved 
by simply having in our possession a good demonstration of Soviet 
intransigence. If, in forthcoming discussions, the demonstration proves 
particularly effective, then the advantage of keeping it untarnished may 
be one more factor that must be considered in deciding whether to 
resume testing.—J.T. 
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CURRENT PROBLEMS IN RESEARCH 


Patination of Cultural Flints 


Flint artifacts can be dated by cortical 
changes in mineralogy and texture. 


Vernon J. Hurst and A. R. Kelly 


Certain flint artifacts have under- 
gone cortical decomposition since they 
were fashioned several hundred to 
several thousand years ago and are 
now invested with a rind or patina. 
A rough correlation between the thick- 
ness of the patina and the age of the 
artifact has been noted (J). 

However, many artifacts which are 
known to be old exhibit little or no 
cortical change. It is apparent, there- 
fore, that age is not the sole variable 
on which patination depends. Before 
patination can be utilized chronomet- 
tically the other variables must be de- 
termined and their relative effects 
must be evaluated. 

For obsidian, Friedman and Smith 
(2) have shown that only two main 
variables must be evaluated: composi- 
tion and mean temperature. 

Flint is a more complex material. 
Its microstructure is more variable and 
is an important patina-controlling fac- 
tor. The kind, size, and manner of dis- 
tribution of impurities profoundly in- 
fluence flint’s susceptibility to attack 
and the rate of penetration by water 
and other weathering agents. Even 
limited study suffices to show that the 
patination rate may vary more with 
microstructure and mineralogical im- 
purities than with age. The number of 
variables is greater for flint than for 


Dr. Hurst is chairman of the department of 
geology and Dr. Kelly is professor of anthropol- 
Ogy at the University of Georgia, Athens. 
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obsidian, but with careful use of 
evaluation techniques and a_ fuller 
understanding of the processes in- 
volved, flint patination can be made to 
yield useful chronometric data. 

Two general types of flint patination 
can be distinguished. In one type the 
patina is some shade of brown and is 
darker than the core. In the other type 
the patina is a chalky white and is 
lighter in color than the core. The 
patina is visible primarily as a color 
difference in both cases. Before con- 
sidering in detail the origin of the 
patina, let us review the properties of 
flint, such as composition and texture, 
which are modified during patination 
and on which the color differences 
depend. 


Composition and Texture of Flint 


Flint is composed mainly of small 
crystallites of silica. The individual 
crystallites may be so small that their 
boundaries are invisible even at high 
magnification, or they may be large 
enough to be seen by the unaided eye. 
Their shapes range from needles or 
fibers to equant (nearly equidimen- 
sional) grains. The size and shape of 
the grains may be regular within a 
given specimen, or they may vary 
greatly (Fig. 1). Radiating spherulitic 
and oGlitic textures are common (Fig. 
2). Many flints originated as siliceous 
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replacements of fossiliferous carbonate 
rocks, and outlines of fossils or fossil 
fragments are commonly preserved 
(Fig. 3). The minerai impurities in 
flint include carbonates, iron and 
manganese oxides, clay minerals, car- 
bonaceous matter, and iron sulfide. 
The carbonates are typically in the 
form of rhombs 0.01 to 0.1 millimeter 
across, distributed unevenly through 
the flint and often imparting to it a 
mottling or banding. Less frequently 
the carbonate is in the form of granu- 
lar patches or partially replaced fossil 
fragments. The other mineral impurities 
are generally distributed unevenly as 
“dust” or clay-size inclusions which 
are not individually visible to the eye 
but which impart a haziness, milkiness, 
or other color change. 


Color of Flint 


The color of flint is determined by 
the grain size, the texture, and the kind 
and number of impurities. 

Grain size and texture largely deter- 
mine how much of the incident light 
enters the specimen and passes through 
and how much is reflected back to the 
observer by a series of refractions and 
reflections at grain intersurfaces. The 
ratio of transmitted light to diffused 
and reflected light fixes the diaphaneity 
of the specimen and the value of its 
color (according to the Munsell color 
system). A flint composed of coarse 
even-grained quartz, for example, has 
relatively few refracting and reflecting 
surfaces, so that most of the incident 
light enters and passes through (unless 
it is absorbed by impurities) and the 
specimen appears colorless-to-light-gray 
and transparent-to-translucent. A flint 
composed of fine crystallites, on the 
other hand, particularly if they vary 
in size and are irregular in shape, has 
numerous intersurfaces. Most of the 
light incident on such a specimen is 
diffused and reflected out. Conse- 
quently the specimen is white and 
opaque. 

The impurities in flint affect the 
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Fig. 1 (left). 


Photomicrograph of flint, in thin section, showing the variation in grain size and the radiating texture. Fig. 2 


(right). Photomicrograph of flint with relic odlitic texture thin section. [Polarized light; about x 73] 


color in two ways: (i) by their in- 
fluence on the ratio of transmitted 
light to reflected light, and (ii) by their 
absorption of light. The surfaces be- 
tween impurities and the enclosing 
quartz are more effective in refracting 
and reflecting light than the surfaces be- 
tween the quartz crystallites themselves. 
A fractional percentage of impurities 
may reflect or absorb, or reflect and ab- 
sorb all the incident light. Whether the 
flint appears white, gray, black, or 
some other color depends on how 
much of the light is reflected and how 
much is absorbed, and on whether all 
wavelengths are absorbed equally. Spec- 
imens that reflect all the incident light 
are white. Those that absorb all the 
light are black. Those that absorb a 
part of the light are some shade of 
gray, if all wavelengths are absorbed 
equally, and are red, brown, or some 
other color if certain wavelengths are 
absorbed more than others. The grain 
size and the texture strongly influence 
the ratio of reflected light to transmit- 
ted light and therefore affect the prop- 
erty of lightness—the value of the 
color. The kinds of impurities deter- 
mine which wavelengths are absorbed 
—that is, they determine the hue of the 
color. The amount of the impurity af- 
fects the degree of saturation of the 


color, or its chroma, as well as_ its 
value. 

These generalizations are illustrated 
by Figs. 4, 5, and 6, which are photo- 
micrographs, made with transmitted 
light, of thin sections of flints. The 
light gray areas are silica. The moder- 
ate gray areas are silica clouded by 
clay inclusions. The gray rhombic 
shapes are carbonate minerals. The 
black areas are opaque impurities in 
the flint. The proportion of opaque 
matter is not as great as it appears, 
inasmuch as the photograph is a pro- 
jection onto a single plane of all the 
opaque matter in the body of the 
section, which is 0.035 millimeter 
thick. Most of the opaque matter is 
white—that is, it reflects all visible 


wavelengths of light. Some of it ab- 
sorbs all visible wavelengths equally, 
and is black. Light cai penetrate these 
three flints for only a fraction of a 
millimeter before a part of it is re- 
flected out and the remainder is ab- 
sorbed. 

The flint shown in Fig. 4 contains 
abundant white opaque matter which 
reflects out the incident light before 
much of it has been absorbed; conse- 
quently the flint is light gray. The flint 
shown in Fig. 6 contains much less 
Opaque matter than that of Fig. 4 and 
a greater proportion of the opaque 
matter is black. Incident light pene- 
trates deeper and is largely absorbed; 
consequently the upper half of this 
flint is black. A flint with the same 


Fig. 3. Photomicrograph of a portion of a brown flint pro- 
jectile, in thin section. The flint is composed of silicified 
foraminiferal tests and is colored red brown by unevenly dis- 
tributed ferruginous matter. Patination processes have modified 
the exterior distribution of the ferruginous matter, dispersing 
it more or less evenly and investing the projectile with a 
continuous smooth rind of hydrous iron oxide. [Transmitted 
light; about x 9.3] 
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impurity content but with a finer, un- 
even texture would be light gray be- 
cause light would be scattered more 
at the surface and a greater proportion 
would be reflected. The opaque-im- 
purity content of the moderately gray 
flint (Fig. 5) is greater than that of 
the light gray flint (Fig. 4) and still 
greater than that of the black flint 
(upper half of Fig. 6). The thin sec- 
tion represented by Fig. 6 was cut 
from a black arrowhead mottled with 
light reddish brown. The black por- 
tion (upper half) contains much less 
opaque matter than the light-colored 
portion (lower half), but in the lower 
half the opaque matter is iron-stained 
and reflects out more light, even while 
absorbing the shorter wavelengths; 
hence this portion appears light-colored 
and reddish brown. 

The absorption of light by color 
centers may be a secondary cause of 
color in a few flints. The color of 


most, however, is attributable to the 


refraction and reflection of light along 
intergranular surfaces and to the pig- 
menting effects of a few included im- 
purities. 


The Patination Process 


Obsidian is volcanic glass. Patina- 
tion in obsidian is essentially a single 
process, hydration, the rate of which 
is controlled by the rate of diffusion of 
water into the glass. For this reason 
the patination rate is strongly influ- 
enced by temperature. 

Flint, on the other hand, is 
silica, which is only slightly suscep- 
tible to hydration. Patination in flint 
proceeds by the interaction of at least 
three different processes operating, for 
the most part, on impurities in the 
flint: (i) oxidation and hydration, (ii) 
dissolution and leaching, and (iii) 
chemical and mechanical disaggrega- 
tion. 

Flints which are pure silica, or 
which contain only chemically stable 
impurities, cannot patinate, regardless 
of grain size or texture. To this class 
belong many of the light gray, trans- 


mainly 


Fig. 4 (top). Photomicragraph of light 
gray flint, in thin section (transmitted 
light; x 147). Fig. 5 (middle). Photo- 
micrograph of moderate gray flint, in 
thin section (transmitted light; x 147). 
Fig. 6 (bottom). Photomicrograph of 
black flint (upper half), mottled by pale 
reddish brown flint (lower half), in thin 
section (transmitted light; x 175). 
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Fig. 7. Photemicrograph of a thin section, showing the characteristic development of 
the chalky white patina (see text). [Transmitted light; x 96] 


lucent flints and the dark flints which 
owe their color to organic matter. 

The flints which contain chemically 
unstable impurities are all susceptible 
to patination, but the rate varies greatly, 
depending on what is the predominant 
mechanism by which water and other 
weathering agents penetrate. 

For the very fine grained, even- 
textured flints whose unstable impuri- 


ties are thinly dispersed, the principal 
mechanism is diffusion along inter- 
granular boundaries. Flints of this class 
are most useful for chronometric pur- 
poses, because their patination is con- 
trolled by only a few variables, fore- 
most of which are (i) mean tempera- 
ture and (ii) composition, as in the 
case of obsidian. 

Most flints have grains of various 


Fig. 8. Photomicrograph of a thin section, showing patina of the brown goethitic type. 
The patinating processes have caused the ferruginous matter (black areas), which was 
unevenly distributed originally and is still unevenly distributed in the core, to be 
dispersed along intergranular spaces in the patinating layer and concentrated on the 
exterior of the specimen to form a smooth brown goethitic rind. [Transmitted light; x 70] 
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sizes, an uneven texture, and inhomo- 
geneously distributed impurities, and 
their patination is influenced by sev- 
eral factors in addition to temperature 
and composition. When a new surface 
is formed on one of these flints, any 
exposed carbonates begin to slowly 
dissolve and leach. As they are re- 
moved, new surfaces are exposed, the 
flint becomes more porous, and quartz 
crystallites are somewhat loosened. 
Where the weathering agents gain ac- 
cess to inclusions of iron sulfide, the 
ensuing oxidation and hydration cause 
local volume changes and create dilute 
acids which, in turn, attack some of 
the clays. The iron oxides hydrate 
and disperse along grain boundaries 
and in voids. The aggregate effect of 
the various oxidation, hydration, and 
dissolution processes is a loosening of 


quartz crystallites and a greatly in-. 


creased porosity. This over-all textural 
change, which greatly increases the 
reflectivity of the specimen, is seen 
as a chalky white patina. Where iron 
oxide or other pigment is dispersed 
near the surface, the whiteness is cor- 
respondingly modified to cream, pink, 
brown, and so on. 

Figure 7 illustrates the characteristic 
development of a chalky white patina. 
The core (zone /) shows relatively 
little change. The boundary between 
zones / and 2 is the depth to which 
patination has progressed. In zone 2 
the ferruginous masses have been 
attacked and partly dispersed. In zone 
3 dispersal is pronounced and leach- 
ing of ferruginous and calcareous mat- 
ter is perceptible. In zone 4 leaching 
is pronounced and the flint is quite 
porous. The whiteness of the patina 
is largely due to textural changes and 
to the increase in reflectivity occa- 
sioned by dispersal of the opaque 
matter, and partly to leaching of car- 
bonates and reddish brown pigment. 
The formation of the chalky white 
patina is favored by the high impurity 
content of clay and carbonate minerals. 

Where the water in contact with a 
ferruginous flint is acidic, a large part 
of the iron in the .patinating layer 
may be dissolved and leached away 
from the flint or, instead, may be dis- 
persed along intergranular spaces and 
only slightly concentrated at the flint’s 
surface. In the first case a chalky 
white patina develops; in the second 
case, a brown goethitic rind develops, 
as shown in Fig. 8. Different sets of 
local conditions can produce one or 
the other type of patina from the 
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same kind of flint. Where the flint is 
exposed to circulating acidic ground 
water, leaching of iron and develop- 
ment of the chalky patina is favored. 
Where the moisture involved in patina- 
tion gains its acidity from chemical 
reactions within the flint, or where the 
flint reposes in stagnant phreatic water, 
the development of the brown goethitic 
patina is favored. 

Texture and microstructure strongly 
affect patination, as illustrated in the 
flint shown in Fig. 9. This flint was 
formed by the silicification of a porous 
fossiliferous rock. Silica has replaced 
foraminiferal tests and other fossil 
fragments in the dark gray areas (Fig. 
9, bottom) and has filled voids (the 
light gray, granular areas). The void- 
filling silica can be penetrated only 
through intergranular diffusion, and 
it contains no visible impurities; con- 
sequently it acts as a barrier to pati- 
nating agents and cannot, itself, develop 
a patina. On the right side, the im- 
purity-laden flint in Fig. 9 has pati- 
nated normally. At the top, patination 
has proceeded normally down to the 
void-filling silica, which has a different 
texture and has acted as a_ barrier. 
The two outer zones of the typical 
chalky patina—the zone of _ pro- 
nounced leaching (zone 4 in Fig. 7), 
and the zone of homogenization of im- 
purities (zone 3 in Fig. 7)—continue 
around the specimen from the right 
side to the top, as shown by the 
dashed lines, but the thickness of the 
next inner zone (zone 2 in Fig. 7) is 
much reduced. Continued patination of 
this specimen would thicken the patina 
on the right side by the inward migra- 
tion of each zone boundary, but at the 
top only zone 4 would thicken, at the 
expense of zones 3 and 2, without any 
over-all increase in the thickness of the 
patina. 


Summary 


All flints containing unstable im- 
purities are susceptible to patination. 
The rate of patination varies with 
many factors: (i) the texture and 
microstructure of the flint; (ii) its 
permeability; (iii) the kind, propor- 
tion, and distribution of impurities; 
and (iv) environmental factors, such 
as temperature and soil chemistry. The 
thickness of the patina varies also 
with time. 

Two contrasting types of patina can 
develop: a chalky white patina and 
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a ferruginous brown patina. Both types 
are observable primarily as a color 
change, and study of these types is 
facilitated by a clear understanding of 
the causes of color in flint. 

The color of most flints is the result 
of repeated refraction and reflection 
of light at numerous intergranular sur- 
faces, whereby part of the light is 
internally absorbed and part is re- 
flected back to the observer. The ratio 
of reflected to absorbed light governs 
the lightness of the color, or its value. 


The preferential absorption of certain 
wavelengths by natural pigments (such 
as iron oxide and hydrous iron oxide) 
disseminated through the flint deter- 
mine the hue of the color. 

The color changes produced during 
patination relate to changes in texture 
and impurity content occasioned by the 
attack of weathering agents on im- 
purities in the flint. The creation of 
voids by the dissolution and leaching 
of carbonates, the loosening of quartz 
crystallites, and the dispersal of clays 


Fig. 9. Photomicrographs of a flint formed by the silicification of a porous fossiliferous 
rock (see text). [Top, plain light; bottom, polarized light; x 10] 
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all modify the reflectivity of the flint. 
Chemical changes involving the pig- 
ments, their dispersal along inter- 
granular surfaces, or removal by leach- 
ing modify both reflectivity and capac- 
ity to preferentially absorb. 

Attempts to correlate patina thick- 
ness with age, and thus to use flint 
patinae chronometrically, have proven 
unsatisfactory because other factors, 


whose importance in some cases ex- 
ceeds that of age, have not been taken 
into account. The texture and micro- 
structure of flint, its permeability, and 
the kind, proportion, and distribution 
of impurities can be evaluated by 
regular petrographic techniques. En- 
vironmental factors can be assumed 
constant for artifacts from the same 
types of soil in a given climatic region. 


Infectious Nucleic Acids, 
a New Dimension in Virology 


Their release 1rom infected tissues and resistance to 
antibodies may explain some anomalous conditions. 


In the last few years a new dimen- 
sion in virology was discovered by find- 
ing that naked, or free viral nucleic 
acids are infectious (J—/2) and that they 
are not affected by antisera which neu- 
tralize whole virus (3, 5, 8). Discovered 
first in plant viruses (1), the infective 
nature of viral nucleic acids was soon 
afterwards demonstrated for poliomye- 
litis (2, 3), eastern equine and West Nile 
encephalitis (2, 4), Semliki Forest en- 
cephalitis (12), foot-and-mouth disease 
(10), influenza (5, 11), a bacterial virus 
disease (7), and a viral-induced tumor 
disease (6), to mention some repre- 
sentative cases (3/7). Both ribose and 
deoxyribose -type nucleic acids are 
among the examples, so there is every 
reason to believe this is a general phe- 
nomenon. Only the efficiency of infec- 
tion is lower in the nucleic acid prep- 
arations than in the case of intact 
viruses. In all cases the nucleic acid 
produced the usual disease with the re- 
lease of whole virus particles. 

This capacity of nucleic acid to 
breach the main defense mechanism of 
animals led me to several questions and 
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to some speculation which may be 
worth examining in detail in order to 
determine the degree to which infec- 
tive nucleic acids of viruses play an 
unrecognized role in natural diseases. 

The questions which follow serve as 
the nucleus around which this article is 
organized. 

1) If the viral nucleic acids are re- 
leased from diseased tissues and if anti- 
bodies do not react with nucleic acids, 
what stops a viral infection? 

2) Is the persistence of some infec- 
tive agents for long periods in the blood 
of infected subjects—as in serum hepa- 
titis or infectious anemia of horses— 
due to an infective nucleic acid? 

3) Are infectious nucleic acids, either 
free or in an unreactive envelope, re- 
sponsible for reports of infectivity in 
the presence of antibodies? 

4) Can the long immunity imparted 
by infection with certain viral agents be 
attributed to the maintenance of a low- 
grade infection, perpetuated by infec- 
tious nucleic acid? 

5) What will infectious nucleic acids 
do in an individual vaccinated with a 
“killed” virus preparation? 

6) Since viral nucleic acids can infect 
hosts not infectible with whole virus, 


Only after allowances have been made 
for these additional variables does the 
age-dependence of flint patination be- 
come clear. 
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does the search for insect vectors and 
susceptible hosts which might serve as 
reservoirs or intermediate hosts need 
reinvestigation? 

7) Do these properties account for 
the failure to find transmissible agents 
in human tumors? 

While the answers to all or even most 


of these questions may not lie in the 


existence of free infectious nucleic acid, 
the phrasing of the questions deliberate- 
ly focuses attention on the unusual 
properties of viral nucleic acids. Ques- 
tions of a similar nature have been 
raised briefly by others (74, 75). 


Viral Nucleic Acid in Infected Cells 


Let us first consider the likelihood 
that free or naked nucleic acid may be 
present in infected cells and may be 
liberated to infect surrounding tissues. 
If there is evidence against such a pos- 
sibility, it would suggest that the infec- 
tious nucleic acids are artificial prod- 
ucts of the laboratory and play no part 
in natural diseases. In two instances in 
which this point has been examined, 
free viral nucleic acid has been found 
or implicated. 

Phage-infected Escherichia coli have 
been studied most intensively. In this 
system, infection is initiated by injec- 
tion of viral nucleic acid into the host 
cell (16). This is soon followed by syn- 
thesis of a “pool” of viral nucleic acid 
from which progeny virus is formed 
(17). This pool of nucleic acid is main- 
tained essentially constant during intra- 
cellular phage formation. At lysis, pre- 
sumably, the viral nucleic acid from the 
pool which had not been enclosed in 
the protein coat is released along with 
whole virus. 

In the case of tissues infected with 
animal viruses, the evidence is more 
pertinent to the present discussion. 
Wecker (1/8) reported that cold phenol, 
which does not separate viral nucleic 
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acid from the protein of whole virus, 
will release infectivity from chick allan- 
toic membranes infected with equine 
encephalitis virus. No infectivity was 
released, however, if the infected mem- 
branes were first treated with ribo- 
nuclease. Since whole virus was not af- 
fected by this enzyme, these observa- 
tions suggest that the infectious nucleic 
acid is free in the cells and is liberated 
by cold phenol. 

Others (19) have found that early 
treatment of influenza-infected allantoic 
membranes with ribonuclease reduced 
the infectivity of the tissue contents; 
but when the same was found to be true 
for tissues infected with DNA virus (20) 
as well, it was clear that the action was 
not necessarily exerted on the viral 
nucleic acid. This observation is not 
evidence against the presence of free 
viral nucleic acid in tissues, it merely 
indicates the difficulty of interpreting 
complex experiments. 

The report of Huppert and Sanders 
(9) is important in the present discus- 
sion. These workers reported that they 
obtained infective ribonuclease-resistant 
units from tissue infected with en- 
cephalomyocarditis virus. These units 
sedimented much more slowly than 
whole virus. It will be interesting to 
know the nature of the material pro- 
tecting the nucleic acid from the 
nuclease. 

The studies of phage-infected cells 
and Wecker’s report (/8) are less 
equivocal than some of the others. 
They leave little doubt that there is 
free viral nucleic acid in the particular 
systems examined. 


Infectivity in the 
Presence of Antibodies 


If, as some of the above studies in- 
dicate, infective nucleic acid is present 
in infected cells, then it should some- 
times be detectable in extracellular 
fluids. However, since whole virus may 
also be present, some means of separat- 
ing whole virus and viral nucleic acid, 
or of distinguishing between them, is 
necessary. .The presence of both in- 
fectivity and neutralizing antibodies in 
the same fluid would be highly sugges- 
tive, and if the infectivity should then 
be destroyed by a nuclease, this would 
be decisive, for no structures other than 
nucleic acids would react in this way. 
A search of the literature has turned 
up a few cases in which the first criterion 
is satisfied, but no such case has ap- 
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peared since the infectious nature of 
viral nucleic acids has been recognized. 

Andrewes (21) and Todd (22) noted 
many years ago that antivaccinia serum 
failed to inactivate virus preparations 
totally, and Smith (23) observed that, 
for a period of several days, rabbits in- 
fected with vaccinia had both virus and 
antibodies in their blood. Berry and 
Kitchen (24) carefully examined a 
laboratory worker who became acci- 
dentally infected with yellow fever 
virus. They reported that on the fourth 
and fifth days the blood of this individ- 
ual contained neutralizing antibodies, 
as tested in mice, yet showed infectivity 
for rhesus monkeys. Unfortunately, a 
close examination of the details sur- 
rounding each of these experiments 
shows that in no instance is the inter- 
pretation unequivocal. 

Sabin (25), however, in a series of 
papers on the mechanism of immunity 
to viruses, showed quite clearly that 
virus preparations mixed with immune 
serum were noninfectious when inocu- 
lated by one route but readily infectious 
when inoculated by other routes, yet 
the tissues infected by the several 
routes were essentially equally suscepti- 
ble to limiting doses of virus. In rabbits, 
more than 100 times the concentration 
of immune serum needed to neutralize 
50 to 500 minimal infective doses of B 
virus inoculated by the intracutaneous 
route failed to protect against a single 
minimal infective dose inoculated by 
the intracerebral route, although the 
rabbits were found to be equally sus- 
ceptible by both routes. Similar results 
were obtained with vaccinia, herpes, or 
pseudorabies viruses and suggest that 
this observation is not just an isolated 
exception. If it is assumed that the viral 
preparations contained some infectious 
nucleic acid, then the results become 
explicable as follows: the immune 
serum neutralized whole virus and left 
the infectious nucleic acid, which is 
destroyed by nucleases before it can in- 
fect when inoculated by the cutaneous 
route but not when inoculated intracere- 
brally. In this connection it is of in- 


terest that the route of inoculation: of. 


nucleic acid from  foot-and-mouth- 
disease virus was found to be important 
(10). Inoculation intraperitoneally failed 
to produce infection, in sharp contrast 
with the high infectivity of nucleic acid 
inoculated by the intramuscular path- 
way. Sabin has suggested (26) that his 
experiments should be repeated in the 
light of the present hypothesis, and that 
addition of nucleases to the viral prepa- 


rations might lead to decisive results. 

More recently Dulbecco, et al. (27) 
have reported that excess antibody 
failed to reduce below a minimum the 
infectivity titer of either western equine 
encephalomyelitis virus or poliomyelitis 
virus. Their failure to observe a drop 
in infectivity with time of incubation 
suggests that either the serum _ribo- 
nuclease was ineffective or the viral 
nucleic acid was protected. 

At this point the puzzling character 
of the disease produced by herpes 
simplex virus is worthy of discussion. 
A fraction of the individuals with a his- 
tory of this disease suffer recurrent 
episodes which may be initiated by 
unusual stresses, including fever. In an 
analysis of this syndrome, Andrewes 
and Carmichael (28) and Brain (29) 
observed that the disease reappeared 
only in those individuals having neutral- 
izing antibodies. Burnet and Williams 
(30) also studied this problem and con- 
firmed these observations. This con- 
clusion virtually rules out reinfection 
from an external source and suggests 
recrudescence. Either the primary in- 
fection is kept submerged in the interim 
and flares up when the control mecha- 
nism is altered, or, as in lysogenic bac- 
teria (37), an inactive form must be in- 
duced or activated. Unless it is assumed 
that the antibodies cannot reach the 
reactivated “virus,” the latter must be 
serologically unreactive, a property as- 
sociated with the free nucleic acids. If 
the hypothesis thus far is correct, then 
responsibility for submergence of 
activity between episodes could be at- 
tributed to the humoral nucleases. Under 
stresses such as fever, which precede 
recurrence of the disease, the nucleases 
may become inhibited and may thereby 
permit the infectious nucleic acid from 
the low-level infection to enlarge the 
area of infection and produce symptoms 
—all this in the presence of antibodies. 
White blood cells, which release a 
deoxyribonuclease inhibitor in vitro 
(32), accumulate in the blood during 
fever, so that if the nucleic acid of 
herpes is of the deoxyribonucleic acid 
type, as appears plausible (33), the 
model is complete. 


Nonantigenic Viral Agents 


At this point I shall consider a few 
specific diseases, each of which has an 
anomalous facet suggesting either that 
the infective agent is nonantigenic or 
that at some stage it is nonantigenic. 
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The anomalies range from “carrier” 
states where no antibody is demonstra- 
ble to recrudescence in the presence of 
antibodies, as in the already discussed 
example of herpes simplex. 

The viral agent that causes serum 
hepatitis is not known to infect animals 
other than man, a fact which seriously 
limits our ability to obtain reliable in- 
formation about its properties. The 
disease is distinguished by a long period 
(up to 50 days) of viremia preceding 
the onset of symptoms, which in some 
instances may not develop for three to 
four months after exposure (34). Jf 
there were a protein component of this 
agent, antibody would be expected to 
form and neutralize the agent in this 
time interval. There are also reports of 
repeated attacks of the disease (34). 
These reports, supported by one that 
gamma_ globulin from _ convalescent 
patients has failed to prevent infection 
with known infective material (24, 35), 
are evidence for an immunologically 
unreactive agent. However, the stability 
of the agent for long periods in serum 
requires that the viral nucleic acid must 
be protected from the nucleases by a 
membrane of nonantigenic material, 
perhaps lipid. The report by Huppert 
and Saunders (9) of finding a ribo- 
nuclease-resistant infective encephalo- 
myocarditis particle that sediments 
more slowly than the usual virus 
particles may be pertinent. 

Other diseases in which the viral 
agent persists for very long periods in 
the blood without antibody formation 
include infectious hepatitis of mice 
(36), infectious anemia of horses (37), 
and lymphocytic choriomeningitis in 
mice (38), although in the last instance 
other explanations have been offered 
(39). 

To imply that all nonantigenic dis- 
ease agents are free nucleic acids is not 
my intent, and to draw such a conclu- 
sion would be to disregard the fact that 
free nucleic acids are extremely vulner- 
able to nucleases of blood (32). Since 
the infectious agents persist for long 
periods in the blood, it is necessary to 
suppose that either (i) the infective 
nucleic acid is released by the tissues 
more rapidly than it is being removed 
or digested, or (ii) the nucleases are 
suppressed in these cases by inhibitors 
(32), or (iii) the nucleic acid is sur- 
rounded by a nonantigenic membrane 
which protects it from nucleases (9). At 
the present time there are too few data 
for us to decide among these possibili- 
ties, although decisive experiments are 
feasible. 
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Increased Host Range of Nucleic Acid 


A certain property of viral nucleic 
acid which was discovered independent- 
ly in three different laboratories (40, 
41) will have particular importance if 
subsequent work shows it to be a gen- 
eral property of viral nucleic acids. It 
was found that the range of cell hosts 
for viral nucleic acids is greater than 
for the whole virus. Thus, Syverton’s 
group (40) showed that rabbits, ham- 
sters, and guinea pigs, as well as cer- 
tain of their tissues, were infectable by 
a variety of enteric virus nucleic acids, 
including poliomyelitis, but not by 
whole viruses. A somewhat similar case 
has recently been found for a bacterial 
virus (7). In the light of this remarkable 
discovery, tests for susceptible tissues 
or hosts, which in the past were made 
with whole virus, will in many instances 
need re-examination with viral nucleic 
acids. 


Tumor Agents 


Despite an ever-increasing list of 
viral agents shown to initiate tumor 
formation in animals, some of which 
become malignant (see 42 for a more 
complete discussion), few such agents, 
if any, have been found associated with 
malignant growth in man. Questions 
naturally arise concerning the reason 
for this difference. If human tumors are 
caused by viral agents, are these agents 
in a masked form, like the papilloma 
virus in the domestic rabbit (43), or is 
the tumor agent a viral nucleic acid 
which functions in situ but, when trans- 
ferred to another host, is so slow in in- 
fecting other cells that it is destroyed 
by the nucleases? The failure to find 
viral antigen in the basal germinal layer 
of the rabbit papilloma where neoplasia 
is occurring, in contrast to the easily 
observable quantities of antigen higher 
in the wart, led Noyes and Mellors (44) 
to suggest that it is the nucleic acid that 
is infectious, and led Shope (/5) to 
wonder if the more labile viral nucleic 
acid is responsible for the neoplasia. 

In recent years the production of 
myxomatosis in rabbits through the 
combined action of avirulent Shope 
fibroma virus and heat-killed myxoma 
virus [the Berry-Dedrick phenomenon 
(45)] has been clarified somewhat. Shack 
and Kilham (46) have shown that the 
nuclease-sensitive nucleic acid and a 
small quantity of protein from the 
myxoma virus must be included with 
the fibroma virus. The nucleic acid is 


not infectious alone, but requires the 
supporting action of the fibroma virus, 
either to change the permeability of the 
host cell to nucleic acid or because the 
nucleic acid is incomplete as prepared 
and must acquire some missing part 


from the related strain before it can | 


infect. Similar “transformations” have 
been reported for other pox viruses (47). 

In the case of the polyoma virus, a 
nuclease-sensitive infective nucleic acid 
has been reported (6) which produces 
typical tumors, so it is not unreasonable 
to look for such an agent in those in- 
stances where the classical type of 
search for whole virus has failed, but 
where success in looking for an infec- 
tious nucleic acid may depend on the 
suppression of the naturally occurring 
nucleases. 


Nucleases as a Defense Mechanism 


In general, the initiation of an infec- 
tion depends on whether at least one 
viral particle can penetrate a susceptible 
cell where it is safe from the usual host 
defense mechanisms. Once a cell is in- 
fected, the spread of the infection in 
the tissues is determined by the same 
forces plus the added, but little under- 
stood, feature of cell-to-cell transmis- 
sion of the infective agent, possibly 
without its exposure to extracellular in- 
sults. The concentration (titer) of virus, 
number of susceptible cells, and time of 


penetration are on the side of infection | 


and against the forces tending to in- 
hibit the process. In general, this inhibi- 
tion of infection by whole virus is due 
to antibodies, although there may be 
other deterrents, such as_ interferon 
(48). Since nucleic acids are not in- 
fluenced by antibodies .to whole virus 
(3, 5, 8), the possibility that nucleases 
which are known to be highly destruc- 
tive of nucleic acids (49) might serve 
as an additional defense mechanism 
deserves consideration. 

My colleagues and I have determined 
blood levels in human beings of both 
deoxyribonuclease and _ ribonuclease 
(32). We found that the active nuclease 
in the blood of the average adult re- 
duced the infectivity Of a deoxyribo- 
nucleic acid agent to 10 percent (a 1- 
log drop) in 12 minutes at 37°C, 
whereas a ribonucleic acid agent was 
reduced to the same level in 2 to 3 
seconds. This information shows that, 
other things being equal, an infective 
deoxyribonucleic acid would have 100 


‘times as great a chance of initiating an 


infection as would ribonucleic acid of 
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viral origin. Virologists working with 
tissue cultures have recognized that the 
nucleases of serum (2,3,//) rapidly 
destroy viral nucleic acid infectivity. 
On the other side, nucleic acids are 
taken up by susceptible, or “competent,” 
cells in less than a minute or two (3, 
50), and there are, of course, many 
instances (noted earlier) of infections 
produced in animals by inoculating 
only the viral nucleic acid. It may be 
considered as established, therefore, 
that for nonimmune animals the normal 
nuclease levels are not high enough to 
prevent infection, although there is one 
report (10) that the route of inocula- 
tion of viral nucleic acid was critical. It 
is possible, however, that in these in- 
stances of infection the concentrations 
of nucleic acid inoculated were in- 
ordinately high relative to those that 
might develop in infected tissues. 
Considerable variation in the blood 
nuclease levels of individuals, due, per- 
haps, to a release in vivo of either 


enzymes or their inhibitors from the’ 


cellular elements of blood (32), has 
been observed. Such variations, en- 
hanced perhaps by the effects of a spe- 
cific disease or physiological condition, 
might well produce wide differences in 
the response of individuals to infectious 
nucleic acids. 

The balance between nuclease de- 
struction and infectivity may be so fine 
in some instances that failure to find in- 
fective agents when their existence had 
been suspected—as in cancer research 
—might be due to an increase in 
nuclease concentration. This increase 
need not be excessive by ordinary 
standards. In looking for infectious 
nucleic acids, utilization of the nuclease 
inhibitors found in certain cells of 
blood (32) should prove of value. 


Permanent Immunity 


It is generally agreed (5/) that after 
recovery from certain viral diseases such 
as poliomyelitis or yellow fever, individ- 
uals are permanently immune to the 
agent. To account for this it has some- 
times been thought that perhaps in 
these cases there is a very low level in- 
fection maintaining a stimulus for anti- 
body formation, but no very appropriate 
model for maintaining an infection in 
the presence of antibodies has been 
suggested. The infectious nucleic acid 
provides just such a model. The whole 
virus, released by tissues, would be 
rapidly neutralized by humoral anti- 
bodies and would provide an anamnes- 
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tic stimulus, while released nucleic acid 
would infect a few susceptible cells and 
maintain the infection. The larger range 
of cell hosts for the nucleic acid (40, 
41) may be particularly important in 
this connection. 


Does a “Killed” Vaccine Protect 


against Infective Nucleic Acid? 


Perhaps many of the questions raised 
in the earlier sections of this article can 
be tested by challenging, with viral 
nucleic acid, animals vaccinated with a 
“killed” whole virus preparation. Since 
the vaccinated animal presumably has 
no tissue or local immunity and pos- 
sesses only antibodies which do not in- 
hibit the free nucleic acid, there is every 
reason to expect some cells to become 
infected. Then, depending on whether 
infectious nucleic acid is thereafter re- 
leased by infected cells and on how cell- 
to-cell infection takes place, any of 
several possible results may be antici- 
pated. 

If only whole virus is released, the 
antibodies induced by the vaccine 
should stop the infection promptly, and 
the animal should show little or no ef- 
fect. If the tissues release infectious 
nucleic acid which spreads the infec- 
tion to other cells and tissues, then 
symptoms may be observed. 

It would be important in any event 
to examine these animals for a viremia 
by making undelayed inoculation of 
blood samples into unvaccinated sus- 
ceptible animals by the route most sensi- 
tive to low levels of viral nucleic acid. 
A delay in transfer might permit nu- 
cleases of the blood to destroy any 
nucleic acid. There is considerable in- 
dividual (32, 52) and species (52) varia- 
tion in nuclease levels, so that extrap- 
olations are at best only suggestive. 
The success of such an experiment 
might also depend on the particular 
disease agent. 

It may be argued that observations 
from a vast number of neutralization 
studies of viremic agents virtually 
eliminate the possibility that an infec- 
tive nucleic acid phase is present in 
blood or comparable fluids. This objec- 
tion would be difficult to answer were 
it not customary for virologists to use 
serum samples in their tests; the time 
consumed. in preparing the sample 
might well be sufficient for nuclease 
destruction of the infectivity, especially 
since deoxyribonuclease levels in serum 
are ten times higher than in blood, be- 
cause of the release of this enzyme 


from platelets during clotting (32). 

It is clear from the protection af- 
forded by passive immunization and 
the correlation between rise in the level 
of antibodies and reduction in the in- 
tensity of symptoms that the whole virus 
plays the major role in- most diseases. 
There are, however, exceptions, or fea- 
tures which do not fit such a simple pic- 
ture, and it is these that are being viewed 
in the light of the recently discovered 
properties of viral nucleic acids. The 
true significance of infectious nucleic 
acids in natural infections will not be 
known until many carefully planned 
experiments have been performed which 
take into consideration some of the 
properties which have been described. 

The control of viral infections by 
nonspecific mechanisms such as inflam- 
matory reactions and interferon for- 
mation (48) has recently been empha- 
sized (53). Nuclease action may be 
included among the nonspecific mecha- 
nisms. One or more of these mecha- 
nisms could interfere with the disease 
produced by a viral nucleic acid and 
explain the observed recovery, but it 
is not now known which mechanism 
is responsible for this action. 


Summary 


Viral nucleic acids have been found 
to be infectious for tissues and animals, 
yet are nonantigenic and resistant to 
antibodies against whole virus. Other 
unique properties, such as their host 
range and their susceptibility to nuclease 
action, render them a wholly new 
dimension to be reckoned with in 
virology. 

These properties may explain a num- 
ber of conditions which at present are 
considered anomalous. The release from 
infected tissues of even a small propor- 
tion of total virus as free nucleic acid 
could, in an otherwise immune individ- 
ual, lead to a low level of infection 
which would, perhaps, explain perma- 
nent immunity. If the proportion of 
nucleic acid is higher, or if the nucleic 
acid is resistant to nucleases because of 
an inert envelope, such conditions as 
“carrier” states—that is, viremias with 
or without antibodies—are possible. 

Note added in proof: The recent 
article by J. D. Ebert and F. H. Wilt 
(54) came to my attention after the 
present article was written. Ebert and 
Wilt’s excellent article indicates the im- 
pact of the newer knowledge of viral 
nucleic acids on the ideas developing in 
the field of embryology. 
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Federal funds and research agencies play a 
dominant role in the national research effort. 
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in Australia must be understood in re- 
lation to a continent presenting enor- 
mous natural difficulties for European 
settlement. It is far from Europe and 
North America (Sydney, the largest 
city, is 12,000 miles from London). 
Two-thirds of its area of nearly 3 
million square miles is virtually unin- 
habitable. In 1939 the population was 
close to 7 million; in 1959, after a 
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decade of the most rapid growth in its 
history, the figure reached 10 million— 
less than that of Greater New York. 
The combination of geographical re- 
moteness, difficult terrain, limited rain- 
fall, limited natural resources, and 
sparse population has meant a slow 
rate of growth. In particular, it meant 
a slow rate of industrialization up to 
1939, with primary production (of 
minerals and of pastoral and farm 
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products) greater than the total output 
of secondary industry. Since World 
War II, secondary industry has come 
to account for a higher proportion of 
gross national product than primary 
industry, but Australia’s prosperity 
still depends heavily on exports of wool 
and farm products, which provide 75 
to 80 percent of export income. This 
income has generally been sufficient to 
support a high standard of living, espe- 
cially since it has occurred in conjunc- 
tion with a pattern of governmental 
economic intervention sometimes de- 
scribed as “state socialism” (1), whose 
effect has been to maintain a high 
level of wages (surpassed only in 
North America). : 

Industrial growth, hampered by the 
small internal market, by limitations 
in raw materials, and by remoteness 
from possible export markets, has been 
particularly dependent on high tariffs 
and on the large-scale investment of 


The author is a senior lecturer in political 
science and public administration at the Aus- 
tralian National University, Canberra City, in 
the School of General Studies. 
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capital from overseas, mainly from 
Britain. Investment funds for public 
utilities such as railways, electricity, 
urban transport and water supply have 
been raised very largely through gov- 
ernment action. As noted in W. W. 
Rostow’s Stages of Economic Growth, 
mass consumption was reached before 
industrial maturity. 

According to the official “White 
Paper on National Income and Ex- 
penditures,” the gross national product 
for 1958-59 amounted to £A6250 
million ($14,000 million), and na- 
tional income, to £A5069 million 
($11,400 million). Farm income for 
that year was £A458 million ($1030 
million), representing 8 percent of 
total disposable income. According to 
the latest census, 13.4 percent of the 
work force was in agriculture, forestry, 
and fishing, compared with 12.5 per- 
cent in the United States and 19.3 
percent in Canada, and 30 percent was 
in manufacturing and in power and 
water supply. These figures underline 
the importance of farm production in 
providing the export income which is 
needed for economic growth, as com- 
pared with its share in national in- 
come. Wool, moreover, normally ac- 
counts for between 40 and 50 percent 
of export income. 


Political Background 


Familiarity with the economic fac- 
tors just sketched is indispensable to 
an understanding of the way in which 
scientific research in Australia has de- 
veloped, largely under the auspices of 
the federal government (normally re- 
ferred to in Australia as the Common- 
wealth government). An understanding 
of the political and constitutional frame- 
work is, however, equally important. 

The federal constitution, which 
came into force in 1901, was framed 
by colonial politicians who were anx- 
ious to give away as little power as 
possible to a federal body whose estab- 
lishment they could block no longer. 
They thought the American pattern the 
most suitable for their purpose, but to 
give even greater safety to the states 
(which the six colonies then became), 
the new Commonweakh government 
was given only certain enumerated 
powers, without even the general power 
to make laws for the peace and good 
government of Australia. All other 
“residual” powers remained with the 
States. 
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The actual development of Aus- 
tralian politics has largely made non- 
sense of this constitutional division of 
functions. The principal reason for 
this is that the financial predominance 
of the Commonwealth government— 
a predominance which has become 
steadily greater since federation—has 
given it the real power within the 
federal structure. 

Until 1939, however, successive 
federal governments had done com- 
paratively little to extend the func- 
tions of the Commonwealth into fields 
which the states neglected because of 
lack of funds, and state premiers were 
quick to oppose proposed extensions of 
Commonwealth functions on _ the 
grounds that these would involve “over- 
lapping” or “duplication” of state 
activities. When the Commonwealth 
finally did enter the field of research, 
great care was taken to provide for 
consultation with state bodies to pre- 
vent duplication of effort. In education, 
now the greatest single area of state 
expenditure, resistance to “intrusion” 
of the Commonwealth government has 
been long drawn out. 

The central role of governmental in- 
tervention in economic and social af- 
fairs has been taken for granted in 
Australian politics for more than two 
generations. In the name of the prin- 
ciple of “national development,” even 
conservative groups have not only ac- 
quiesced in but have actively fostered 
government action in fields where, in 
the United States at least, such action 
is still considered “socialistic” (2). 
Policies of “development” may require 
the government not only to provide the 
conditions under which private enter- 
prise can operate effectively but also 
to go into business on its own account. 
In the process, traditional distinctions 
between the proper spheres of public 
and private effort tend to vanish. Re- 
search, which may be viewed as an 
aspect of “developmental” policy, is a 
case in point. The institutions estab- 
lished by the Commonwealth govern- 
ment since 1916 have been devoted to 
“scientific and industrial” research, -or, 
to use more up-to-date jargon, “pure 
and applied” research. In part, this 
represents a pragmatic recognition of 
the fact that Australian industry was 
not likely. to undertake any significant 
amount of research on its own ac- 
count, but it also involves the principle 
that governments have a positive role 
to play in the economic life of a mod- 
ern community (3). 


Public Institutions of Research 


In brief, the constitutional and ad- 
ministrative status of the various pub- 
lic bodies carrying out research is as 
follows. 

Agriculture. Each of the six states 
possesses a department of agriculture, 
whose functions include regulation, 
extension services, testing and inspec- 
tion, agricultural education, and re- 
search. These bodies are all within the 
normal departmental framework—that 
is, they are staffed by permanent civil 
servants, a minister is politically re- 
sponsible for their activities, and they 
are financed through annual budgetary 
appropriations. Their research activi- 
ties, carried out mostly on experimental 
farms, account for about 15 percent 
of their total expenditure, which was 
£A10.5 million in 1958-59. In 1934 
the Commonwealth government was 
instrumental in setting up a federal- 
state consultative body, the Australian 
Agricultural Council, which comprises 
all the state ministers of agriculture 
under the chairmanship of the federal 
Minister for Primary Industry. The 
council is served by a standing com- 
mittee comprising the permanent heads 
of the state agriculture departments 
and officials representing interested 
Commonwealth agencies. Between 
them, the two bodies exercise consid- 
erable influence on research policy in 
agriculture. 

Universities. Until 1946, all univer- 
sities, with one unimportant exception, 
were state foundations. The federal 
constitution does not give the Com- 
monwealth government any powers in 
regard to education except in the fed- 
eral territories, which include the 
Australian Capital Territory, the site 
of Canberra. All state universities are 
set up under acts of parliament which 
are designed to give them the maxi- 
mum degree of autonomy. Each uni- 
versity is administered by a council 
(in some cases called, senate) whose 
composition is prescribed by the statute. 
These governing bodies are given cor- 
porate status, with perpetual succes- 
sion, a common seal, the right to own 
and administer property, and the power 
of making regulations and rules on all 
matters pertaining to the functions of 
the university. None of these powers is 
subject to approval by the government, 
which has no statutory power to direct 
the university council in any way. On 
the other hand, as the bulk of uni- 
versity support comes from annual 
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appropriations in the state budget, the 
government’s influence over general 
policy can be considerable. In addition, 
a number of members of the univer- 
sity council are chosen by the govern- 
ment, and in some cases this can lead 
to a degree of influence which does not 
meet with the approval of the academic 
staff. 

Before World War II, university re- 
search funds and facilities were small. 
Universities were regarded primarily 
as schools for training professionals 
required by the community—doctors, 
engineers, lawyers, teachers, chemists. 
As a result, a significant number of 
the most talented graduates have al- 
ways been attracted abroad, mostly to 
Britain, and their research work has 
been done overseas. The names of 
Florey, Oliphant, Massey, Lawrence 
Bragg, Raymond Dart, and Samuel 
Alexander are among the best known 
(4). World War I! brought a sharp 
awareness of this problem, and in 
1946 the Commonwealth government 
established the Australian National 
University in the Australian Capital 
Territory. This institution was origin- 
ally conceived as being devoted entirely 
to research and postgraduate study, 
somewhat on the lines of Johns Hop- 
kins (5). Research in the natural 
sciences is concentrated in three sec- 
tions of the university—the Research 
School of Physical Sciences, directed 
by Sir Marcus Oliphant, with emphasis 
on the study of high-energy particles; 
the John Curtin School of Medical 
Research, with emphasis on research in 
biochemistry and medical chemistry; 
and the Commonwealth Observatory 
on Mount Stromlo, now directed by 
Bart J. Bok, formerly of Harvard. In 
1958-59, the Australian National Uni- 
versity spent about £AI1_ million 
($2.25 million) on scientific research, 
including capital expenditure. In addi- 
tion, astronomical observation is carried 
out by foreign universities at the ob- 
servatory; typical of such programs is 
a joint Yale-Columbia project. 

In addition to establishing the Na- 
tional University, the Commonwealth 
government has entered the field of 
university finance on a large scale. 
Until 1936, the Commonwealth had 
made small ad hoc research grants to 
the universities. In 1936 a 5-year pro- 
gram was inaugurated by which 
£A30,000 ($100,000 at the then cur- 
rent rate) was to be spent annually 
for grants to support research in the 
physical and biological sciences. By 
1950 the amount had reached £A100,- 


000 ($225,000) annually, but such 
grants have since been absorbed in 
much larger general grants. In 1950 a 
new era in university finance opened 
with the passage of a federal act of 
parliament authorizing the Common- 
wealth to make grants to the states 
for payment to the universities. (Under 
section 96 of the federal constitution, 
the Commonwealth is empowered to 
make grants to the states on such 
terms and conditions as it thinks fit.) 
Until 1958 these grants were made on 
the basis of a formula which pro- 
vided for both an outright grant and 
a “second level” grant, depending on 
the amount of state expenditure up 
to a certain maximum. In 1957-58, 
the total Commonwealth grant under 
this formula was. £A3 million ($6.75 
million), representing less than one- 
fifth of total university expenditure. 
In 1957 the federal government ap- 
pointed a committee of inquiry into 
university education (itself a step 
which would have been almost un- 
thinkable 10 years earlier), headed by 
Sir Keith Murray, chairman of the 
University Grants Committee of Great 
Britain. The committee recommended 
a large increase in Commonwealth 
financial assistance and the setting up 
of a permanent committee on the 
British pattern to advise the federal 
government on future grants. This 
body, the Australian Universities Com- 
mission, was established in 1959. In 
1958-59, Commonwealth expenditure 
on universities rose to nearly £A7 
million ($15.5 million), a figure which 
represented 35 percent of the univer- 
sities’ total income of £A20 million. 
Of the remainder, 45 percent came 
from the states, 15 percent from fees, 
and 5 percent from other sources, in- 
cluding private benefactions (6). 

This revolution in university finance 
is the result of a remarkable expan- 
sion of university education. In 1939 
there were approximately 12,000 stu- 
dents enrolled at Australia’s six univer- 
sities and two university colleges (in- 
stitutions of university status but with- 
out degree-granting powers). In 1959 
there were ten universities and two 
university colleges, with a total enroll- 
ment of almost 50,000. This rapid 
growth is still, however, not accom- 
panied by a parallel growth in univer- 
sity research. The Murray report drew 
attention to the relatively small num- 
bers of postgraduate students and 


pointed out that Australian universi- 
ties produced, in proportion to the 
population, only one-quarter as many 


Ph.D.’s as the United Kingdom and 
only one-fifth as many as the United 
States (7). 
University research is financed partly 
from the general budget, partly from 
private benefaction, and partly from 
grants which come principally from 
the federal government. In 1958-59, 
the universities spent approximately 
£A1 million for “research and other 
special purposes.” In Britain and the 
United States it is customarily as- 
sumed that half the sum expended on 
salaries is actually research expendi- 
ture. The proportion is certainly lower 
in Australia and may be tentatively 
set at one-quarter. Salaries make up 
about 60 percent of all university ex- 
penditure, so we arrive at an estimated 
figure for research of £A3 million 
for 1958-59, which probably errs on 
the generous side. The total research 
expenditure for 1958-59, then, was 


£A4 million ($9 million). Full-time — 


university staffs in that year numbered 
about 2000. 

A number of university research 
establishments have been set up by 
public agencies or by private benefac- 
tion, the universities being thus re- 
lieved of the burden of capital ex- 
penditure. In such instances the head 
of the institute is often a professor of 
the university. In other instances the 
work of a university laboratory may 
be supported by private or public 
funds. An interesting case is the Nu- 
clear Research Foundation, which has 
raised money from both private and 
public sources to support the work of 
the School of Physics at the University 
of Sydney. The Biochemistry School 
at the University of Melbourne has 
benefited in recent years from grants 
made by food-processing firms. Re- 
search at the University of Melbourne 
into the production of town gas from 
lignite, which occurs in vast deposits 
in the state of Victoria, is supported by 
the Gas and Fuel Corporation, a state- 
government agency. It should be em- 
phasized, however, that this is not the 
equivalent of “contract research,” 
which is not common in Australia. In 
this respect Australian universities fol- 
low the British pattern rather closely 
(8). 

The Commonwealth Scientific and 
Industrial Research Organization. The 
CSIRO is by far the largest and most 
important research body in Australia, 
dating from World War I. In 1916, 
the federal prime minister, W. M. 
Hughes, visited Britain and was stimu- 
lated by the British government’s action 
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in setting up the Department of Scien- 
tific and Industrial Research to estab- 
lish a similar organization in Australia. 
An Advisory Council for Science and 
Industry was established, and by an 
act passed in 1920 a permanent body 
was set up, called the Institute of 
Science and Industry. The institute had 
an annual budget of only £A25,000, 
and most of its activities were devoted 
to supporting research in the univer- 
sities. In 1925 a conference of scien- 
tists was called to discuss the recon- 
stitution of the institute, which became, 
in 1926, the Council for Scientific and 
Industrial Research (CSIR). 

The initial budget of the new organ- 
ization was £A45,000, and the amount 
rose slowly until the last few years be- 
fore the outbreak of war in 1939. 

Until 1938, CSIR’s research program 
was concentrated on problems relevant 
to primary industry. With the approach 
of war, the industrial side of its activi- 
ties expanded rapidly and made pos- 
sible the local production of many in- 
dustrial items that previously had been 
imported (9). In 1939, CSIR had a 
budget of £A350,000 and a total 
staff of 400. In 1946-47 the budget 
had risen to £A1.4 million, and the 
staff to 2300. 

In 1949, CSIR was again reconsti- 
tuted by act of parliament and given 
its present name of Commonwealth 
Scientific and Industrial Research Or- 
ganization (CSIRO). Among changes 
made at this time were the transfer 
of its activities in defense research to 
other government agencies. In 1959 
the act was amended to allow further 
organizational changes. Administrative- 
ly speaking, CSIRO is a public corpo- 
ration and thus has greater freedom of 
action than a normal department, espe- 
cially in regard to financial manage- 
ment, staffing, and ministerial control 
(J0). Like most public corporations, 
it is administered by a board, called 
in this case the Executive, whose mem- 
bers are appointed for terms specified 
in the statute and can be removed only 
for cause. The 1959 act provides that 
the Executive shall consist of five full- 
time and four part-time members, and 
that five members must be scientists. 

The functions and expenditure of 
CSIRO have continued to grow apace. 
By 1958-59 its expenditure was £A8.5 
million ($19 million) and its staff had 
grown to 4000, of whom over 1300 
were classified as “research” and “ex- 
perimental” officers. Its activities are 
now distributed among 27 divisions 
and 17 smaller “independent sections.” 


28 JULY 1961 


There are divisions of animal research, 
building research, industrial chemistry, 
plant industry, fisheries, food preserva- 
tion, entomology, forest products, elec- 
trotechnology, radiophysics, soils, solid- 
state physics, and wool research, among 
others. 

CSIRO has also entered into cooper- 
ative research arrangements with in- 
dustry, on lines similar to the “re- 
search associations” set up by the De- 
partment of Scientific and Industrial 
Research in Britain, with both parties 
contributing to the cost of research, 
usually carried on in laboratories set 
up for the purpose. The research staff 
is mainly provided by CSIRO, and 
information is made available to the 
industry concerned under an agree- 
ment with CSIRO. Four such institutes 
are currently in operation, for the 
bread, wine, coal, and tobacco in- 
dustries; a research association for the 
leather industry was recently dis- 
solved. CSIRO also carries out re- 
search at the request of industrial firms, 
which normally provide funds to cover 
the cost of the particular investigation, 
and at the request of government 
agencies, both federal and state. In 
1958-59 CSIRO received a total of 
more than £A200,000 in this way, 
mostly from public sources. An exam- 
ple of a more formal arrangement is 
the program undertaken by CSIRO in 
the important Murrumbidgee irrigation 
area in southern New South Wales, 
where the work of the research sta- 
tion is supervised by a joint committee 
representing CSIRO, the local farmers, 
and the New South Wales Water Con- 
servation and Irrigation Commission. 

Although complaints have some- 
times been made in university circles 
that CSIRO has a “monopoly” of re- 
search, the relations between CSIRO 
and the universities have been close 
and generally cordial (//). Not only 
is there considerable interchange of 
personnel between CSIRO and the 
universities, but contact has been fa- 
cilitated by the establishment of a 
number of CSIRO laboratories on uni- 
versity campuses. In some cases the 
heads of such laboratories are pro- 
fessors of the university; in others, 
senior members of the laboratory staff 
have been given honorary university 
appointments, with the rank of as- 
sociate professor. 

In view of the importance of the 
wool industry to Australia it is not 
surprising that CSIRO’s activities have 
had particular relevance to woolgrow- 
ing. Between 1945 and 1959, wool pro- 


duction increased by 50 percent—an 
increase made possible largely by 
CSIRO discoveries. Research on pas- 
ture improvement brought about a 100 
percent increase in high-quality pasture 
in the decade 1948-58, and the suc- 
cessful program of rabbit control that 
followed CSIRO’s work on myxoma- 
tosis brought about a spectacular rise 
in the sheep population during the 
same period. In spite of this, the wool- 
growers have not shown themselves 
eager to contribute financially to wool 
research, apart from making a few 
large individual gifts to the Science 
and Industry Endowment Fund, estab- 
lished by act of parliament in 1926. 
This situation has changed only very 
recently. About 15 percent of CSIRO’s 
annual income now comes from the 
Wool Research Trust Account, estab- 
lished by the federal government in 
1945. This fund originally consisted of 
undistributed moneys from the sale of 
wool during the war (when sale of 
wool was completely under govern- 
ment control) and from the sale of 
wool by the joint organization set up 
by the wool-producing countries and 
Great Britain to dispose of accumu- 
lated stocks at the end of the war. The 
continuing income of the Wool Re- 
search Trust Fund comes from a levy 
on each bale of wool sold. Originally, 
2 shillings per bale, paid by the grow- 
ers, was to be used for sales promotion, 
and an equal amount paid by the gov- 
ernment was to be used for research. 
These amounts were later doubled. In 
1960, the woolgrowers agreed, under 
pressure from the government, to raise 
their contribution to 5 shillings per 
bale for promotion, and to pay 2 
shillings per bale in addition for re- 
search; the government’s contribution 
remains at 4 shillings per bale for re- 
search. 

Defense research. Research and de- 
velopment in connection with guided 
missiles, aircraft, and other weapons 
are concentrated almost entirely within 
the Department of Supply and Defense 
Production. This department, whose 
functions date entirely from World 
War Il, has three main research divi- 
sions: the Defense Standards Labora- 
tories, the Weapons Research Estab- 
lishment, and the Defense Research 
and Development Laboratories. The 
Weapons’ Research _ Establishment, 
where the pilotless aircraft known as 
“Jindivik” and “Malkara” were devel- 
oped, was set up in 1947, in conjunc- 
tion with the British Ministry of Sup- 
ply (now the Ministry of Aviation), 
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whose contribution to the cost of the 
Weapons Research Establishment is not 
included in the figures given here. In 
1958-59 the total expenditure of the 
Department of Supply was £AI11.7 
million ($26 million), and the total 
number of scientific, experimental, 
and engineering staff members was 
635. Officers of the scientific and ex- 
perimental staffs are organized within 
the Australian Defense Scientific Serv- 
ice, whose system of classification and 
terms of employment are based on 
those of CSIRO. 

A few years ago the Royal Aus- 
tralian Navy established an_ experi- 
mental laboratory. This remains a small 
establishment, whose expenditure in 
1958-59 was £A70,000. 

Atomic energy. Australia’s interest 
in atomic energy originated with the 
discovery of radioactive minerals. Pros- 
pecting for uranium was begun in 1944 
at the request of the British govern- 
ment, and the first extensive deposits 
were found in 1949. In 1946, the 
Atomic Energy (Control of Materials) 
Act gave the federal government con- 
trol of radioactive minerals under its 
defense power. Advisory committees 
were established, and in 1952 the 
Atomic Energy Policy Committee rec- 
ommended that a new operating organ- 
ization be set up. This recommenda- 
tion was made in response to a request 
from the Combined Development 
Agency in Washington that uranium 
production be expanded, and_ the 
Australian Atomic Energy Commission, 
established by act of parliament in 
1953, was for several years concerned 
mainly with this problem. In 1954 the 
commission decided to set up its own 
research establishment, and a site was 
chosen at Lucas Heights, near Sydney. 
The nucleus of staff for the research 
program came from CSIRO and the 
Supply Department. 

The Australian Atomic Energy Com- 
mission is also a public corporation, 
administered by a board of five 
members, one of whom is a _ full- 
time member. Its structure was slightly 
altered by a subsequent act, passed in 
1958. Although it has control over its 
own staff, its research personnel are 
employed under conditions similar to 
those for CSIRO. 

The first reactor to be installed at 
Lucas Heights was a research reactor 
of the DIDO type, known as HIFAR 
(high-flux Australian reactor). It has 
been in full operation since 1958. 


HIFAR is primarily a materials-testing 
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reactor, but it is used also for the 
manufacture of radioisotopes. The 
metallurgical and chemical behavior of 
reactor materials under extreme con- 
ditions of radiation and temperature 
are being investigated. Early in 1960 
it was announced that a second low- 
power reactor of the high-temperature, 
gas-cooled type would be installed. 
This new reactor will be characterized 
by its use of a mixture of fuel and 
moderator, and its extensive use of 
beryllium as fuel “can,” moderator, 
and reflector. It will be used to investi- 
gate the U*’-thorium fuel cycle instead 
of the more common plutonium-U™ 
cycle. 

Between 1955 and 1959 the commis- 
sion spent more than £A13 million 
($31 million), and its expenditure in 
1958-59 was £A2.7 million ($6 mil- 
lion). In 1959, research and engineering 
staff numbered 165; total staff, 484. 
With the rapid expansion of research 
activities, these numbers will probably 
double within 3 years. 

The commission has let a_ small 
number of research contracts to uni- 
versities and hospitals and has also 
undertaken other forms of cooperation. 
It was responsible for the installation 
of a cyclotron at the University of 
Melbourne in 1955; research is con- 
ducted by members of the university 
staff. The commission has also estab- 
lished, in conjunction with the univer- 
sities, an Institute of Nuclear Science 
and Engineering, with headquarters at 
Lucas Heights. The institute will be 
mainly concerned with administering a 
scheme of fellowships for research in 
nuclear energy. 

Health. In the field of health, the 
federal constitution gives the Com- 
monwealth power only over “quaran- 
tine,” but in 1925, after the report of 
a royal commission, a Federal Health 
Council was set up representing both 
the Commonwealth government and 
state governments. In 1936 this was 
replaced by the National Health and 
Medical Research Council, which com- 
prises the permanent heads of the 
state and federal health departments, 
together with a number of experts. In 
1937 an act was passed setting up the 
Medical Research Endowment Fund, 
financed by an annual appropriation, 
to assist government departments, uni- 
versities, institutions, or persons car- 
rying out medical research. A small 
number of scholarships is also offered 
annually. Over 50 institutions have 
been approved for grants, and £A210,- 


000 was expended by the fund in 1958- 
59. In addition to this federal aid, a 
number of state-supported and of pri- 
vately endowed medical research proj- 
ects are in existence. 

The Commonwealth Health Depart- 
ment also operates a number of 
laboratories, including the Acoustic 
Laboratories, the X-Ray and Radium 
Laboratory, Biological Standards Lab- 
oratories, Dental Standards Laborato- 
ries, Commonwealth Serum Labora- 
tories, and the School of Public Health 
and Tropical Medicine. In 1958-59 
the total cost of these activities was 
approximately £A1.5 million ($3.4 
million), and the total staff of medical 
and scientific officers was 240. 

Miscellaneous. A small amount of 
research is done by state-government 
agencies such as museums, forestry de- 
partments, and the like, in addition to 
state-government research in agricul- 
ture. In 1958-59 the states spent ap- 
proximately £A10.5 million on agri- 
culture, £A5.5 on “science, art and 
research” (the official statistical cate- 
gory), and £AS5S.5 million on forestry. 
Agricultural research accounts for an 
estimated £A1.5 million, so the total 
figure for state research expenditure is 
probably between £A2 million and 
£A2.5 million. 

Research activities are also carried 
out by Commonwealth departments 
such as the Bureau of Meteorology, 
the Forestry and Timber Bureau, 
the Ionospheric Prediction Service, and 
the Bureau of Mineral Resources. The 
total expenditure of these agencies in 
1958-59 was more than £A3 million 
($7 million), and their total staffs 
numbered nearly 500. 


Expenditure by Industry 


For the reasons already indicated, 
private industry has not made any 
notable contribution to research in 
Australia, and its backwardness has 
been the subject of frequent criticism. 
Although the rapid growth of industry 
since 1939 has brought a greatly in- 
creased demand for scientists and 
technologists, the Murray committee 
observed that the need for greater 
effort in research had been “expressed 
by the development of government 
agencies such as CSIRO, rather than 
by the participation of private industry 
in research and development .. . in- 
dividual companies, with a few notable 
exceptions, have shown little tendency 
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Table 1. Commonwealth government expend- 
itures for research, 1958-59. 


Agency Amount 
(£A, millions) 

CSIRO 8.5 
Supply Dept. 41.7 
AAEC 
Health Dept. 1.5 
Bur. of Mineral Resources, 

Bur. of Meteorology, etc. 3.0 
Total 27.4* 


* $62 million. 


to provide for their own research 
needs or to foster the establishment, 
on a co-operative basis, of industrial 
research associations” (/2). 

Partly because industry’s research 
effort is still limited, data are scanty, 
and only an incomplete picture can 
be given here. The main _ branches 
of industry in which research estab- 
lishments exist, apart from the institu- 
tions set up cooperatively with CSIRO, 
are steel, chemicals, sugar, pharmaceu- 
tical products, paper and pulp, food 
processing, electronics, gas production, 
nonferrous metals, and textiles. The 
largest effort is to be found in the 
steel industry. Iron and steel produc- 
tion in Australia is monopolized by 
one large industrial complex, the 
Broken Hill Proprietary Company Lim- 
ited, whose activities have expanded 
greatly since the war. In the five years 
ending in 1956, the company invested 
£A60 million ($135 million) in steel 
production and planned to double the 
amount in the succeeding five years. 
Its total output of iron and _ steel 
products has more than doubled since 
1939. In 1955 the company embarked 
on a research program which has in- 
volved a capital cost of over £A400,- 
000 ($1 million) to date, and its an- 
nual expenditure is now about 
£A100,000. It employs about 90 
scientists, engineers, technicians, and 
geologists. The sugar industry is also 
dominated by one large concern, the 
Colonial Sugar Refining Company 
Limited. The company’s activities ex- 
tend into other branches of secondary 
industry, especially chemicals and 
building materials. The total annual 
expenditures of CSR’s own laboratories, 
and of those of other establishments 
in the sugar industry,- is now about 
£AS500,000 (/3). 

On the basis of this information and 
a few other scraps of data which are 
available (14) it can be said with some 
assurance that the total amount spent 
by industry under present conditions 
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does not exceed £AS5 million ($13 mil- 
lion) annually. Almost all of this is 
for “development” rather than “re- 
search.” Some reasons for this back- 
wardness, apart from the general back- 
ground already sketched, may be sug- 
gested briefly. The relatively small 
scale of much of Australian industry 
is one important factor, since size of 
firm is highly correlated with research 
effort. Second, a large number of local 
enterprises are subsidiaries of overseas 
firms, predominantly British but also 
American. In such cases, techniques 
developed by the parent firm are ap- 
plied with little change, although in 
some cases a modicum of “develop- 
ment” is required to bring the product 
into line with local needs. There may 
be some justice in the assertion some- 
times made that the much-advertised 
backwardness of British industry in the 
field of research has its effect on Brit- 
ish-owned firms in Australia. It is true 
that, in many cases, industrial firms are 
more likely to ask for tariff protection 
against imported manufactures from 
Europe, Japan, or North America 
than to embark on _ developmental 
schemes to make their products more 
competitive. As the effect of such pro- 
tection is usually to increase prices, 
the Commonwealth government has 
perpetually to weigh the cost of living 
against the advisability of encouraging 
local industry. The volume of industrial 
research carried out by CSIRO has 
from the beginning, and increasingly 
in recent years, been part of a general 
attempt to improve industrial efficiency 
and thus reduce the need for tariff 
protection. The work done by CSIRO 
that is of direct or indirect benefit to 
manufacturing industry is still much 
more important than industry’s own re- 
search effort, and CSIRO’s discoveries 
are readily available. It recently estab- 
lished an industrial liaison branch to 
promote the use of new techniques by 
industry. Only a few CSIRO discov- 
eries have been patented (for example, 
processes for making woolen textiles) ; 
in such cases the patent belongs to 
CSIRO and only small fees are charged. 


Tabulation of Expenditure 


All figures given in Tables 1 and 2 
relate to the budgetary year 1958-59. 
In that period the Commonwealth gov- 
ernment spent directly a total of £A29 
million ($65 million). (This excludes 
expenditure in the form of university 


Table 2. Aggregate of private and public 
expenditure for research, 1958-59. 
Amount 
(£A, millions) 
Commonwealth government 27.4 ai 
State governments f 2.5 
Universities (estimated) 4.0 
Industry (estimated) 3.0 to 5.0 
Total 37 to 39* 


* $83 to $88 million. 


and other grants.) The breakdown of 
this amount, in terms of the spending 
agencies, is given in Table 1. 

Table 2 attempts to give a total 
picture for the same year. In both 
cases, the amounts are linked with 
the spending body and not with the 
original source of funds. Duplication 
has been avoided as far as possible. 

This estimated total represents ap- 
proximately 0.6 percent of gross na- 
tional product for the budgetary year 
1958-59, as compared with National 
Science Foundation data which give 
the U.S. figure as something over 2 
percent. (Whether these figures are 
strictly comparable is, of course, not 
certain.) In the same year the number 
of people employed in research and 
development work, if we exclude uni- 
versity teaching staffs, was probably in 
the vicinity of 4000; of these, about 
3000 were employed by the Common- 
wealth government. 

Research and development occupied 
a significantly larger part of the fed- 
eral budget in 1958-59 than it did in 
1939. In 1938-39, the Commonwealth 
government allotted only 0.5 percent 
of its expenditure from consolidated 
revenue to research and development; 
in 1958-59, out of a total expenditure 
of £A1,300 million from consolidated 
revenue, the proportion had risen to 
2.2, with grants to other bodies not 
included. 

Civil, nonmedical, research 
counted in 1958-59 for a total of 
£A24.5 million ($55 million). About 
one-quarter of this amount was spent 
on research connected with the agri- 
cultural and pastoral industries. To 
attempt a further breakdown into 
“basic” and “applied” research would 
be an unprofitable exercise. It may be 
observed, however, that because of the 
preponderance of governmental re- 
search institutions like CSIRO, where 
scientists are fairly free to define their 
own problems, a relatively large pro- 
portion of “basic” research is repre- 
sented in the general picture. 
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Armold L. Gesell: 
“Behavior Has Shape” 


“In countless American homes the 
name of Arnold L. Gesell was better 
known than that of the President of 
the United States. And to great num- 
bers of the occupants of those homes 
Arnold Gesell was a far more impor- 
tant mar than the occupant of the 
White Héuse. . . . His work over many 
years in the fields of pediatrics and 
child development paved the way to 
health and success for thousands, may- 
hap millions. Dr. Gesell was a pioneer, 
one who traced uncharted paths to 
charted conclusions.” So commented an 
editorial in the New Haven Register at 
the time of Gesell’s death on 29 May 
1961. 

The application of his findings to the 
everyday child in the everyday home 
was the fruit of half a century’s pains- 
taking study—half a century of care- 
ful analysis of the behavior patterns of 
human infants and children as these 
patterns grew and changed with the 
child’s increasing age. 

A single central concept—brilliant 
in its simplicity and one to which he 
clung in the face of often strong op- 
position—was the basis of all of Ge- 
sell’s work on age levels from fetal 
ages on through adolescence. This was 
the concept that developing behavior 
has as much structure as does the de- 
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veloping physical organism, that be- 
havior develops in a patterned, highly 
predictable manner, and that it is meas- 
urable. “Behavior has shape. Mind 
manifests itself.” These are two state- 
ments which his students and col- 
leagues were to hear over and over 
again. 

While environmentalists were going 
to great lengths to measure the extent 
to which environmental forces deter- 
mine behavior and even individuality, 
Gesell reminded us again and again 
that “environmental factors support, 
inflect, and modify, but they do not 
generate the progressions of develop- 
ment. Growth is an impulsion, and a 
cycle of morphogenetic events is 
uniquely a character of the living 
organism.” 

Gesell’s first work at Yale, in 1911, 
when he founded his clinic which after 
several changes of name came to be 
known as the Yale Clinic of Child De- 
velopment, was with retarded school- 
age children. However, at that time he 
was “in auditory communication at 
least,” as he used to say, with a well- 
baby clinic across the corridor. And 
very soon he began to feel that the 
place to start a study of human behav- 
ior was with infants, and with normal 
infants at that. 
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And so for 20 years he carried on 
a painstaking and step-by-step analysis 
of infant behavior, chiefly as expressed 
in normatively controlled test situations 


as these infants responded to simple 


stimulus objects such as cube and pellet 
and bell. From this analysis he not only 
established the fact that infant be- 
havior does develop in a patterned, or- 
derly manner through stages which are 
alike in quality and sequence (even 
though not in exact time of occur- 
rence) from child to child, but also 
described these stages. 

Gesell tracked down the patterned 
behavior changes in infant and child 
through the age of 16 years—an en- 
deavor which he completed in 1956 
with the publication of Youth: The 
Years from Ten to Sixteen. From this 
base, the application of his findings 
spread into two widely diversified fields. 

Clinically these findings were applied 
in the field of practical pediatrics. Ge- 
sell was perhaps the first to insist that 
“development as well as disease lies 
clearly in the province -of clinical pedi- 
atrics.” It was largely as a result of his 
untiring efforts that in the early 1940's 
the American Academy of Pediatrics 
changed its admittance examination to 
include a section on the development 
of infant behavior. Many pediatric 
clinics now quite routinely give the 
Gesell Developmental Tests to infants 
and preschool children in an effort to 
determine not so much their I.Q. as 
their D.Q. (developmental level or 
developmental quotient). In his last 
ten years at Yale, Gesell and his staff 
trained pediatricians not only from all 
over th. United States but from all 
over the world (in fact his work at 
times found more ready acceptance in 
European countries than in our own). 
Gesell considered that the develop- 
mental examination was in fact a neuro- 
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logical examination and that, especially 
in cases of defect and deviation, it 
could give a valid indication of how 
far behavior had developed. 

The impact of his work in a second 
main area stemmed from his direct 
contribution of a clear and simple de- 
scription, for parents, of behavior char- 
acteristics of successive age levels from 
infancy through 16 years of age. He 
described behavior for each age level 
in terms not only of all the things a 
child can do at that age but of special 
characteristics of that age. Noteworthy 
was his finding that, in accordance with 
a principle of reciprocal neuromotor in- 
terweaving which he emphasized, ages 
of equilibrium and of disequilibrium, 
ages of flexion and of extension, ages of 
inwardized and of outwardized behav- 
ior tend to alternate. 

Gesell’s extreme productivity during 
an unusually long career (after his re- 
tirement from Yale he worked actively 
as research consultant at the Gesell 
Institute, founded in his honor in 1950, 
until he was 78) is evidenced by a 
bibliography of his writings, which at 
the time of his death at 80 included 
well over 400 items. Among his best- 
known books were The Mental Growth 
of the Preschool Child (1925); Psychol- 
ogy of Early Growth (1938); Atlas of 
Infant Behavior (1934); the trilogy 
Infant and Child in the Culture of To- 
day, The Child from Five to Ten, and 
Youth: The Years from Ten to Six- 
teen (1943-1956); Embryology of Be- 
havior (1945); Developmental Diag- 
nosis (1941); and Vision: Its Develop- 
ment in Infant and Child (1949). 
These and his many other books were 
translated into more than two dozen 
different languages. 

His scientific articles covered a wide 
variety of fields, including retardation, 
cerebral palsy, cretinism and mongol- 
ism, visual deviation, and twinning, as 
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Arnold L. Gesell 


well as behavior of normal infants and 
children. All, however, dealt with the 
central theme of the measurable growth 
of behavior and of behavior deviation. 

A method of analysis which he did 
much to further was the use of motion 
pictures in the study of child behavior. 
In 1925 he started the collection known 
as the “Yale Films of Child Develop- 
ment.” Pictures were taken in the now 
well-known Dome, and miles of system- 
atically exposed film, both 16- and 
35-millimeter, were gradually made 
available for the analysis of behavior 
patterns and for editing and use as 
teaching and demonstration films. Ge- 
sell was also, so far as is known, the 
originator of the one-way-screen meth- 
od of observation now so widely used. 

The flexibility and wide application 
of the developmental point of view is 
evidenced by the fact that it has turned 
out to be uniquely useful in fields which 


were scarcely thought of when Gesell 
began his work—such widely divergent 
fields as that of vision in infant and 
child and that of the projective tech- 
niques—two areas in which he did a 
considerable amount of effective work 
toward the end of his long career. 

It was an ironical matter of timing 
that much of Gesell’s work was done 
against the current of a very different 
theory of child behavior prevalent in 
this country during the period of his 
investigations. The atmosphere at Yale’s 
Institute of Human Relations in the 
1930’s was hardly favorable to his de- 
velopmental philosophy, and the em- 
phasis on psychoanalysis that domi- 
nated the behavior sciences in the 
1940’s was no more propitious. This 
relative isolation from certain groups 
of his fellow scientists gave strength 
and unity to Gesell’s work but pos- 
sibly prevented his theories and find- 
ings from having the impact on many 
child psychologists that they had on 
practicing pediatricians and on the pub- 
lic. 

Nevertheless, by 1956 Helen Puner 
could write in an article that appeared 
in Harper’s in March of that year: 
“Now in the late fifties, ‘constitutional 
factors’ and ‘the nature of the baby’ 
are being mentioned and written about 
once again . . . It is beginning to be 
recognized that Dr. Gesell was correct 
in his belief that ‘personality cannot be 
understood as a direct reflection of its 
shaping force . . .” In fact it may easily 
be that Dr. Gesell’s aim—if not his 
point of view—has not been so much 
behind the times as ahead. For today 
it is he, and he alone, who has built 
up the only systematic body of obser- 
vations on the development of human 
behavior and personality.” 

LouIsE BATES AMES 
Gesell Institute of Child Development, 
New Haven, Connecticut 
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Science and the News 


The School Bill: Notes on the 
Political Situation 


The famous House Rules Committee 
became a bit more famous last week. 
In mid-June two of the three Catholics 
on the committee joined with the seven 
conservatives to form a 9 to 6 majority 
against considering the school bill. 
What they wanted was a companion 
bill containing a program of loans for 
parochial schools. The Education and 
Labor Committee dutifully produced an 
amended National Defense Education 
Act containing such a program. The 
Rules Committee then decided against 
sending either bill to the House floor for 
a vote, Mr. Delaney, of Brooklyn, hav- 
ing concluded that the loan program 
was “just a sop.” Mr. O’Neil, of Massa- 
chusetts, returned to his normal posi- 
tion as a supporter of the Administra- 
tion, but Delaney plus the seven 
conservatives made the vote against the 
education bills 8 to 7. It was a most 
peculiar situation. Mr. Delaney and Mr. 
O’Neil were widely and loudly de- 
nounced for holding the school bill up 
for ransom. The Administration was 
more mildly and less widely denounced 
for putting up the ransom. Then Mr. 
Delaney decided he did not care for the 
ransom after all, and that he would 
rather kill the baby. 

All of this was curious, but its real 
effects have been exaggerated. The 
Rules Committee action was widely re- 
ported to have killed the school bill. 
The school bill may well be killed, but 
the reports last week that it was already 
dead were, at the least, premature. 


Committee Action 


The Rules Committee action, barring 
an unexpected turnabout by Delaney, 
means that the school bill cannot reach 
the floor of the House by the normal 
route of getting a resolution from the 
committee sending it to the floor for de- 
bate. On an issue on which the House 
is as closely divided as it is on this one, 
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this would normally foreclose any real- 
istic possibility of the bill’s reaching a 
vote. There are several methods of by- 
passing the Rules Committee, but all of 
them are awkward and easily frustrated 
unless there is a strong majority in the 
House in favor of the bill. There is no 
such ready-made majority for the school 
bill. 

On the other side, there are two fac- 
tors which could pull the bill through 
despite all obstacles. The Administra- 
tion, knowing from the start that it 
faced an uphill battle on the school bill, 
had the foresight to tie together the 
intensely controversial new school-aid 
proposal with an entirely noncontro- 
versial proposal for renewing an exist- 
ing program of federal aid to what are 
called “impacted areas.” The impacted 
areas are school districts where the 
amount of untaxable government prop- 
erty makes it difficult for the district to 
finance its schools. If a private company 
builds a factory in a town, the town 
levies property taxes on both the fac- 
tory and the homes of the employees to 
pay for schools for the children of the 
employees. If the government estab- 
lishes an army base in a town, the base 
cannot be taxed, and homes of the serv- 
icemen who live on the base cannot be 
taxed. This problem led to the impacted 
areas program, where the government 
gives grants of money to the school dis- 
tricts in lieu of the taxes they would 
have levied if the property were pri- 
vately owned. The program is very 
widespread: three out of four members 
of Congress have impacted areas in 
their districts. On the average, each of 
these Congressional districts receives $1 
million a year in direct federal school 
grants. The program expired 30 June. 
It is an understatement to describe the 
pressure of the 319 Congressmen from 
such districts to see that the program is 
renewed as intense. As long as the sup- 
porters of the general school bill can 
succeed in keeping general aid to 
schools tied to the impacted areas pro- 


gram, a bill containing both cannot be 
considered dead. 

The impacted areas program there- 
fore gives the school bill’s managers a 
good deal of leverage. Under the right 
circumstances, it might be sufficient to 
get a general school aid bill through the 
reluctant House. Getting the right cir- 
cumstances depends partly on questions 
of timing, partly on how fully the Presi- 
dent is willing to commit himself to the 
fight. These two factors are related. 
Both point toward delaying a show- 
down on the school bill until the closing 
days of the Congressional session. Aside 
from the question of the President’s 
role, the best time to bring about a 
showdown will be when the country is 
thinking about schools, which will be at 
the very end of the summer, or in Sep- 


tember, when the school year is about — 


to begin. Delaying the showdown will 
also make it easier for the President to 
play a major role in the controversy. 

Next week the Senate will take up 
the major item on Kennedy’s legislative 
program, the foreign aid authorization, 
and this issue will dominate the debates 
on Capitol Hill well into August. This 
is the one controversial issue where 
there not only is no Congressional re- 
sentment at the President’s going to the 
people to pressure Congress into sup- 
porting him, but where Congress ex- 
pects to be, indeed wants to be, publicly 
pressed by the President. Congress ex- 
pects the President, acting as national 
leader, to tell the country why foreign 
aid is necessary and thus make it easier 
for individual Congressmen to vote for 
it. But this makes it awkward for the 
President to be simultaneously active on 
both foreign aid and the school bill. On 
One issue he must be wholly above do- 
mestic politics; on the other he cannot 
help being deeply immersed in it. Both 
cannot be done simultaneously with full 
effectiveness, and thus it will be difficult 
for the President to play a very active 
role on the school bill until the foreign 
aid bill has been settled, which will 
probably be sometime in middle or late 
August. 


Delay Indicated 


The indicated strategy, then, for sup- 
porters of school aid is to drag their 
feet and delay a showdown. For oppo- 
nents of school aid the strategy is to try 
to force a showdown as soon as possible. 
The outlines of the tactics for both 
sides began to take shape last week al- 
most immediately after the Rules Com- 
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mittee action. Opponents of the school 
bill introduced bills to extend the im- 
pacted areas program separately from 
general school aid. Chairman Powell of 
the Education and Labor Committee 
announced that his committee was not 
going to report such a bill. The opposi- 
tion filed what is called a “discharge pe- 
tition” to bring an impacted areas bill 
to the floor of the House without action 
by the Education Committee. This will 
require the signatures of 219 members, 
a majority of the House. The aim of the 
Administration will be to try to keep 
members who are supporters of both 
general aid and aid to impacted areas 
from signing the discharge petition, at 
least until the Administration is ready 
to deal with the question. 

Supporters of the school bill hold an 
advantage in tactical position that is 
normally held by their opponents. Con- 
gressional procedure makes it far easier 


to delay something controversial than to. 


speed it up, and in this case it is the lib- 
erals rather than the conservatives who 
are in no rush to act. If the discharge 
petition succeeds and a separate im- 
pacted areas bill is put through the 
House, a showdown can still be delayed 
until it is convenient for the Adminis- 
tration. In the Senate, supporters of 
school aid appear to be in full control. 
This makes it unlikely that a bill cover- 
ing only impacted areas would get 
through the Senate. The House could 
then ask for a conference to work out 
a compromise between the House bill 
and the bill the Senate has already 
passed, which includes the controversial 
general aid as well as impacted areas 
aid. But the conference could then be 
stalled for whatever supporters of 
school aid feel is an appropriate length 
of time, at which time the conferees 
could report a compromise bill em- 
bodying most of what the Administra- 
tion wants. 

The real problem of supporters of the 
school bill is to get the House to accept 
a conference report containing the Ad- 
ministration proposals. This will be a 
difficult task, as everyone has known it 
would be all along. The Rules Commit- 
tee action last week added a bit more 
flavor to the elaborate game of high 
politics that will decide the fate of this 
bill, but it never was likely to be de- 
cisive. For if, with the leverage avail- 
able through the impacted areas pro- 
gram, the Administration lacked the 
strength to force a bill to a vote despite 
the Rules Committee, it almost certainly 
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would have lacked the strength to push 
the bill through the House even if the 
Rules Committee had cooperated. In- 
deed the Rules Committee may even 
have helped a bit, for now if the bill 
does reach the floor, it will not do so as 
part of a widely publicized and widely 
criticized bargain with the parochial 
school bloc. 

As for the outcome, a great deal de- 
pends, as has been widely noted, on 
what the President is prepared to do. 
What the President does depends a good 
deal on what the general political situa- 
tion will be in September and, to a large 
extent, on whether he feels that any- 
thing he could do would be enough 
to carry the day. At this point it is the 
critics of general school aid who are 
glowing with optimism, and it may turn 
out that their optimism is justified.— 
H.M. 


News Notes 


Project Banshee 


Weather and winds finally permitted 
this week the first in a series of 10 
firings in Project Banshee, the Depart- 
ment of Defense research program to 
study the blast-wave effects of explo- 
sives detonated from balloons at 38,000 
to 115,000 feet. The way was cleared 
for the actual firings to begin when, 
after five trys, the second dry run was 
successfully made last week. 

The balloon (see cut) was launched 
into a high-altitude wind stream that car- 
ried it and its 200-foot train of instru- 
ments and 500 pounds of. conventional 
high explosives over the 4000-square 
mile White Sands Missile Range in the 
New Mexico desert. Air Force planes 


Banshee balloon: the plastic balloons vary in size according to altitude desired. Some 
are as long as a football field. [Department of Defense] 
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flew a safety chase on the balloon while 
ground-based tracking instruments also 
kept it under surveillance until it was in 
position for safe detonation. The charge 
was exploded at a signal from the 
ground, and the package of instruments 
dropped back to earth via a standard 
64-foot orange and white cargo para- 
chute. 

After the series of firings has been 
completed, another set of these balloons 
will be used as targets for Nike-Hercu- 
les ground-to-air missiles with high- 
explosive warheads, in place of the nu- 
clear warheads that would be used in 
combat. 

The measurements obtained from 
both phases of Project Banshee will 
make it possible to estimate the possible 
damaging effects from nuclear explo- 
sions at high altitudes. 


Drinking Water Standards 


The first major revision by the Public 
Health Service of Drinking Water 
Standards for the United States since 
1946 includes, for the first time, limits 
on concentrations of radioactivity and 
certain chemical pollutants. 

Radioactivity in water, on the basis 
of recommendations by the Federal Ra- 
diation Council, the National Commit- 
tee on Radiation Protection, and the 
International Commission on Radiolog- 
icat Protection, is now limited to 3 mi- 
cromicrocuries per liter for radium-226, 
10 micromicrocuries per liter for stron- 
tium-90, and 1000 micromicrocuries 
per liter for gross beta activity. The 
recommended maximum daily intake 
for Ra is 7.3 micromicrocuries, and 
for Sr” it is 73 micromicrocuries. 

In setting the relatively high limits 
for Ra“ and the lower limits for Sr”, 
consideration was given to the fact that 
most radiation from Ra™ is in water 
and most radiation from Sr” is in food. 
The gross beta activity is relied on only 
when alpha (in this instance Ra™) con- 
tent and Sr” content are low enough to 
be insignificant. The PHS also took into 
account high levels of naturally occur- 
ring radioactivity in some water sources. 
If in some instances these should show 
higher radiation levels than those rec- 
ommended, an evaluation of total in- 
take would be made of radiation from 
food and air. Should this prove to be 
too high, the water source might have 
to be condemned and less-radioactive 
water would have to be imported by the 
communities involved. However, in the 
absence of above-ground nuclear testing 


270 


and the substantial increase in Sr” that 
might result, it is unlikely that water 
will be condemned for excessive radia- 
tion. 

Chemical pollutants not previously 
limited in water include alkyl benzene 
sulfonate (detergents), barium, cad- 
mium, carbon, chloroform extractables, 
cyanide, nitrate, and silver. The grow- 
ing problem of potentially harmful 
chemicals in sources of drinking water 
is recognized, but PHS does not find it 
necessary at this time to include limits 
for all potentially toxic chemicals. 

Drinking Water Standards originally 
were set in 1914 and have provided the 
basis for legally regulating drinking 
water used on trains, airplanes, buses, 
and vessels in interstate commerce. 
They have served as guides for control 
of water supplies generally throughout 
the country, affecting more than 125 
million people. 


Tariff exemption for electron micro- 
scopes and medical equipment in which 
a radiation source is used went into ef- 
fect last week. Exemptions for this 
equipment have been commonly granted 
in the past, in the form of special laws 
allowing duty-free import of a specific 
piece of equipment. Confronted with 
half a dozen requests for special ex- 
emptions, the House Ways and Means 
Committee decided there was no need 
to review each new request separately. 
The committee recommended writing a 
general exemption into the tariff law, 
applicable to imports by nonprofit or- 
ganizations. The bill passed both houses 
of Congress without opposition and 
took effect immediately after it was 
signed by the President last week. With- 
out the exemption the tariff would add 
50 percent to the price of an imported 
electron microscope. 


The special presidential panel which 
is studying the possibility that the Rus- 
sians have been or could be engaged in 
secret testing of nuclear weapons is 
chaired by Wolfgang Panofsky, profes- 
sor of physics at Stanford. The White 
House announced the membership of 
the committee last week. The panel was 
appointed about a month ago. Panof- 
sky, a member of the President’s Sci- 
ence Advisory Committee, has been in 
the news recently as chief scientist on 
the $114 million Stanford electron ac- 
celerator, construction of which is ex- 
pected to be authorized by Congress 
next week. The panel met with the 
President last Friday to give a report 
on its findings, but the White House 


said that Kennedy had asked for further 
details and that the study probably 
would not be completed for several 
more weeks. 


Kennedy’s request for an accelerated 
space program has received top-heavy 
endorsement from Congress, which au- 
thorized $1.7 billion for the current 
fiscal year, the full amount Kennedy re- 
quested. This is about 60 percent more 
than Eisenhower had recommended and 
about double what was spent last year. 
The Administration had warned that it 
would be wasteful for Congress to au- 
thorize the full amount unless it was 
prepared to follow through and vote 
the even larger sums, over $2 billion a 
year, that would be required in the 
future. The actual appropriations will 
be made in a later bill, but the lop- 
sided votes (354 to 59 in the more con- 
servative House) suggested that the ap-. 
propriation bill would come quite close 
to the full authorization. 

On the communications satellite pro- 
gram, Kennedy issued a policy state- 
ment announcing that “private owner- 
ship and operation of the U.S. portion 
of the system is favored, provided that 
such operation meets [certain] require- 
ments.” Among these requirements are 
that the system must be world wide and 
that access to shares in the ownership 
and use of the system must be avail- 
able to all countries. Kennedy also said 
that “to date, no arrangements between 
the government and private industry 
contain any commitments as to an oper- 
ations system” and that he was “anxious 
that development . . . proceed with all 
possible promptness.” Background on 
this statement appeared in Science and 
the News last week. 


The orbiting of American reconnais- 
sance satellites constitutes an “act of 
aggression,” according to Red Star, the 
Soviet army newspaper. The paper in- 
cluded in its complaint the Tiros 
weather satellites as well as the Midas 
and Samos military reconnaissance sat- 
ellites. The paper compared the satel- 
lites with the U-2 flights: “It does not 
matter how high they fly, they are still 
spies,” the paper asserted. “Flying a 
sputnik over foreign territory is an act 
of aggression.” Under current interna- 
tional law, a nation’s sovereignty over 
its air space extends indefinitely. 
Whether this theory can be sensibly ap- 
plied to satellites outside the earth’s 
atmosphere has never had occasion to 
be adjudicated. The American position 
is that it can not. 
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Announcements 


Grants, Fellowships, and Awards 


Travel grants for study and research 
in the Soviet Union are available to 
university students and scholars who 
wish to spend all or part of the aca- 
demic year 1962-63 as participants in 
the academic exchange between the 
United States and the U.S.S.R. Appli- 
cants must have a knowledge of Rus- 
sian adequate to the needs of study 
and research and must be USS. citi- 
zens under 40 years of age and either 
graduate students, postdoctoral re- 
searchers, faculty members at the col- 
lege level, or teachers of Russian in 
secondary schools. Deadline: /5 De- 
cember 1961. (Stephen Viederman, In- 
ter-University Committee on Travel 
Grants, 719 Ballantine Hall, Indiana 
University, Bloomington) 


Research grants in radiological health 
are available through the U.S. Public 
Health Service. Research proposals 
should contribute to the determination 
of the extent and character of the ra- 
diation problem as well as the mecha- 
nisms by which radiation damage is 
produced. (Paul F. Hahn, Office of 
Extramural Grants, Division of Radi- 
ological Health, PHS, Washington 25, 


Fellowships are available for grad- 
uate training related to Latin America 
in the social sciences, law, education, 
and the humanities for the 1962-63 
academic year. The fellowships, of- 
fered by the Ford Foundation, will 
include Mexico, the Caribbean, Central 
America, and South America. They are 
intended to encourage the combina- 
tion of multidisciplinary area training, 
including spoken and written language, 
and training in a major discipline. 
Deadline: 1 November. (Secretary, 
Ford Foundation, Foreign Area Train- 
ing Fellowships, 477 Madison Ave., 
New York 22) 


The Bronfman prizes for public 
health achievement have been estab- 
lished with a grant from the Samuel 
Bronfman Foundation to honor “out- 
Standing current creative work leading 
directly to improved health for large 
numbers of people.” The purpose of 
the $5000 awards, two or three of 
which will be presented annually by the 
American Public Health Association, is 
to stress “application rather than dis- 
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covery of new scientific knowledge” in 
order to “increase understanding and 
the appreciation of public health prac- 
tice.” 


Applications.are being accepted for 
the recently established Damon Runyon 
postdoctoral fellowships in cancer re- 
search, intended for the training of 
young investigators. Applicants who 
have previously held postdoctoral fel- 
lowships for 3 years are ineligible. 
Deadlines: J January, for fellowships 
effective in July; and J July for fellow- 
ships effective in January. (John H. 
Teeter, Damon Runyon Memorial 
Fund for Cancer Research, Inc., 730 
Fifth Ave., New York 19) 


Grants-in-aid for research in petro- 
leum geology are being offered by the 
American Association of Petroleum 
Geologists. Emphasis is placed on the 
development of principles as contrasted 
to data-gathering or problem-solving 
with known techniques. Deadline: J 
January 1962. (A.A.P.G. Headquarters, 
Box 979, Tulsa 1, Okla.) 


Scientists in the News 


Charles Huggins, director of the Ben 
May Laboratory for Cancer Research 
at the University of Chicago, and Lud- 
wik Gross, chief of cancer research at 
the Veteran’s Administration Hospital, 
New York, have been named corecipi- 
ents of the Walker prize, presented 
every 5 years by the Royal College of 
Surgeons of England. 


Karl F. Herzfeld, head of the phys- 
ics department at the Catholic Univer- 
sity of America, has received the 1960 
Scientific Achievement award of the 
Washington Academy of Science. 


Samuel Koslov, former associate pro- 
fessor of physics and assistant head of 
the department at Stevens Institute of 
Technology, has been appointed as- 
sistant head of Vitro Laboratories’ de- 
partment of physics and space sciences, 
New York. 


Cornelius F. Strittmatter has been 
appointed Odus M. Mull professor of 
biochemistry and chairman of the de- 
partment at the Bowman Gray School 
of Medicine, Winston-Salem, N.C., 
effective 15 August. Camillo Artom, 
present department chairman, will con- 
tinue to serve as professor of bio- 
chemistry. 


E. O. Hughes, biologist and acting 
chief of the National Research Council 
of Canada’s public relations office, has 
been appointed scientific attaché in the 
Canadian Embassy, Washington, D.C. 
He succeeds Harry Williamson, who will 
resume his duties at NRC in Ottawa. 


Ronald P. Graham, professor of 
chemistry at McMaster University, 
Hamilton, Ontario, has been selected 
as the first recipient of the Chemical 
Institute of Canada’s chemical education 
award. 


Daniel A. Boroff, bacteriologist for- 
merly with the New England Institute 
for Medical Research, has been named 
an associate member of the Albert Ein- 
stein Medical Center’s Research Lab- 
oratories, Philadelphia. 


William W. Greulich, professor of 
anatomy at Stanford University, has 
been appointed science officer at the 
U.S. Embassy in London. He succeeds 
Thomas H. Osgood, who is returning 
to his post as dean of the graduate 
school of Michigan State University. 


Kelly M. West, former associate 
professor at the University of Okla- 
homa School of Medicine, has been 
appointed special assistant for scientific 
affairs in the National Institutes of 
Health’s Office of International Re- 
search. 


Ernest Csendes, research chemist in 
the Pioneering Research Division of E. 
I. du Pont de Nemours and Company, 
has been appointed research director of 
the Armour Agricultural Chemical 
Company, Atlanta. 


Herman F. Mark, founder and di- 
rector of the Polymer Research Insti- 
tute of the Polytechnic Institute of 
Brooklyn, has been appointed to the 
newly created position of dean of the 
faculty at the institute. 


Eugene Lukacs, director of Catholic 
University’s Statistical Laboratory, will 
spend the coming academic year at 
the Institut Statistique, University of 
Paris, and at the Swiss Federal Insti- 
tute of Technology. 


Arno S. Eklund, Swedish nuclear 
physicist, has been appointed director 
general of the International Atomic 
Energy Agency, Vienna. He succeeds 
W. Sterling Cole, whose 4-year term 
of office expires 30 November. 
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BOOK REVIEWS 


Space Travel 


Comes down to Earth 


Astronomy, the so-called impractical science, has 
become of intense immediate concern to John Q. Public. 


Space travel has changed dramati- 
cally in the past few years from a sub- 
ject for idle speculation into a sharp 
pain in the taxpayer’s pocketbook. The 
first sputnik in 1957—and those that 
followed—caused widespread reverber- 
ations in such different fields as 
defense, diplomacy, education, engi- 
neering, journalism, politics, science in 
general, and astronomy in particular. 
As a result, many engineers and non- 
scientists find themselves urgently in 
need of a quick education in the astro- 
nomical facts of life. There is also a 
growing demand for trained astrono- 
mers, ranging from experts in celestial 
mechanics to theoretical astrophysicists, 
which our graduate schools cannot even 
begin to meet. Ten years ago it was 
difficult for an astronomer to find a 
publisher; now, it is difficult for an 
astronomer to hide out from the pub- 
lishers. The seven books reviewed here 
are all intended in one way or an- 
other to inform the general public 
about astronomy from a variety of 
points of view. 


Three Popular Books 


Space in Your Future, by Leo 
Schneider (Harcourt, Brace and World, 
New York, 1961. 260 pp. $3.75), is 
written for school children by a well- 
known writer who is also a science 
teacher. It is attractively and profusely 
illustrated by photographs and espe- 
cially by Gustav Schrotter’s line draw- 
ings. Useful lists of solar and lunar 
eclipses and of planetaria and astro- 


The author is professor of astronomy at the 
Goethe Link Observatory, Indiana University, 
Bloomington. 


John B. Irwin 


nomical societies in the United States 
are given in the appendixes. A consid- 
erable number of simple but thought- 
provoking experiments that can be 
performed by almost anyone are scat- 
tered throughout the book. Visits made 
to hypothetical astronomers at the 
Yerkes Observatory and the Dominion 
Astrophysical Observatory help to give 
an intimate look at the work of the 
professional astronomer. However, 
there is a debit side: the scientific rea- 
sons for space observatories, given on 
page 227, could be usefully amplified. 
The book is marred by some errors 
and deserves better scientific editing. 
For example, on page 173 we find a 
diagram of a slit spectograph without 
collimator or camera lenses; on page 
177 the galactic rotation diagram is 
poor both as to the nature of that 
rotation and the relative position of the 
sun with respect to the spiral arms; on 
page 186 cosmic rays are incorrectly 
made a part of the electro-magnetic 
spectrum. 

H. C. King, the author of Astron- 
omy (Watts, New York, 1960. 256 pp. 
$4.95), is chief astronomer of the Lon- 
don Planetarium and has also written 
an excellent professional book on the 
history of the telescope. Astronomy is 
written for the type of audience that 
is attracted to planetaria; the quality of 
the paper is poor, however, and the 
quality of the illustrations, which are 
often garishly colored, ranges from ex- 
tremely good to very poor. About one- 
third of the book deals with the stars 
and galaxies. The book should appeal 
to the youthful mind and may well 
steer many a youngster into an astro- 
nomical career. 

James Stokley’s Atoms to Galaxies 


(Ronald, New York, 1961. 361 pp. $6) 
is a very well-written popular book by an 
accomplished science writer who was 
once a planetarium director. Of particu- 
lar interest in this book is a 30-page 
chapter on travel in space. The flavor of 
the writing is indicated by some of the 
subchapter headings: Denuded atoms, 
Stations in space, Nine tons to the cup, 
Needle-shaped dust, Radio to the res- 
cue, The cepheids that weren’t there, 
Out of the primeval atom, Looking 
backwards into time, Planets from 
roller bearings, and The sun’s long 
future. 


Astronomy without Mathematics 


Planets, Stars, and Galaxies, by 
Stuart J. Inglis (Wiley, New York, 
1961. 474 pp. $6.50), is an up-to-date 
college text written especially for stu- 
dents of the liberal arts and for other 
readers who have no mathematical or 
scientific background. It is very similar 
to many other well-organized and at- 
tractive college textbooks on elementary 
astronomy except that the amount of 
mathematics in it has been made vanish- 
ingly small. There are especially in- 
teresting chapters on the evolution of 
the s ars and the Universe and rela- 
tivity; the discussions in these chapters 
are of necessity rather abbreviated, and 
the same comment can be made con- 
cerning the author’s discussion of radio 
astronomy and artificial satellites. Inglis 
gives many useful suggestions for 
further reading at the end of each 
chapter; a large fraction of these are 
the unusually good popular expositions 
found in the Scientifie American. The 
most serious mistakes I found are his 
figure on page 378 which explains the 
fine structure rather than the hyperfine 
structure of hydrogen and on page 420 
where he falls into an old trap when 
he states: “All distance measures are 
ultimately based on the heliocentric 
parallaxes of the nearer stars.” This 
is not true, for example, of the derived 
distances for the Hyades moving clus- 
ter or for the Crab Nebula, or more 
important, for all cepheid distances 
or for all very large distances based 
on the luminosities of these pulsating 
stars. Up until quite recently the ceph- 
eid distances were based entirely upon 
the motions of a few close cepheids 
and not upon their trigonometric 
paraliaxes or the parallaxes of any 
other stars. 
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Good Science Writing 


Guy Murchie’s book, Music of the 
Spheres (Houghton Mifflin, Boston, 
Mass., 1961. 644 pp. $6.95), can only 
be described as a remarkable accom- 
plishment; it is some of the best popular 
science writing I have encountered, 
and there is scarcely a dull page in the 
book. It should become a best seller, 
especially if published as a paperback 
in two volumes. Although the writer 
has not been trained as a professional 
scientist, he exhibits a broad knowl- 
edge and understanding of astronomy, 
physics, mathematics, and the history 
of science. The writing is colorful 
and imaginative, and the author’s 
more than 450 drawings add sub- 
stantially to the reader’s understand- 
ing and enjoyment. The book is in 
two parts: (i) Moons of Rock and 
Suns of Fire and (ii) Fields in 
Space, Deeps of Time. Five of the 14 
chapter titles are: “Out from the 
breathing earth”; “Into the stomaci of 
space”; “Gadflies of the void”; “The 
netherrealm of the atom”; “The sinews 
of reality.” Every second page has a 
title of its own, and let me further il- 
lustrate both the flavor and content of 
the book with some choice samples: 
In the footsteps of the fish; Maneuvers 
in nothing; Crumbs of passing comets; 
Twenty billion cosmic snowballs; Skel- 
eton of the galaxy; The strange empti- 
ness within; Atom breezes that blow 
in solids; The birth and death of par- 
ticles; The atom as a plucked string; 
Wisdom in the inward parts; Spectral 
footprints; A hole in nothing is some- 
thing; Distance is a flexible dimension; 
Can time reverse itself?; The apple’s 
view of Newton; Proof by weighing 
starlight. 

Popular science writing, even at best, 
is often beset with fuzzy statements, 
exaggerations, misconceptions, errors 
of commission and omission, as well 
as misplaced emphasis. Murchie’s book, 
excellent though it is, is not completely 
free from such pitfalls. For example, the 
exciting story of Hubble’s great break- 
through, first in determining distances 
to the nearer spirals and then in meas- 
uring distances out to the edge of the 
observable universe, is not told—or 
explained. Humason’s great observa- 
tional contribution to the expansion of 
the universe (the red shift) is not men- 
tioned. The author’s account of Mar- 
tian “canals” and “vegetation” is re- 
freshingly conservative compared with 
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that of many popular science writers, 
but I would have liked more emphasis 
on the fact that atmospheric oxygen 
has not been detected on Mars and 
that its upper limit is 1 percent of our 
own supply, and also on the fact that 
the Martian green areas are definitely 
not due to chlorophyll. Perhaps I am 
too critical on these points, but I have 
just read a story published in a maga- 
zine of wide circulation, in which some 
earthlings, who have crash-landed on 
Mars, apparently had not the slightest 
difficulty in setting up housekeeping. 
One wonders just how many seconds 
a man who forgot to bring along his 
own atmosphere would live on Mars. 
The rotation period of Venus, given 
as 22 hours and 17 minutes as derived 
from radio observations, is almost cer- 
tainly incorrect. Such a fast rotation 
would have been measured by avail- 
able optical instruments, and __ this 
planet must have a much longer period 
of rotation. The temperature of Venus 
as determined by radio astronomers is 
close to 600 degrees Fahrenheit; this 
is not mentioned. Murchie incorrectly 
states that all elements in the solar 
interior break down into protons, elec- 
trons, and alpha particles. Heavier 
nuclei are undoubtedly present, and 
their relative amounts are of critical 
importance in stellar interior models. 
Von Weizsicker’s theory of the birth 
of the solar system is neither as con- 
vincing nor as widely accepted as the 
book indicates. 

On page 163 it is stated “a recent 
map shows every visible star out to 
an average distance of 2,100,000,000,- 
000,000,000,000 miles from Mount 
Palomar.” For the benefit of those who 
get lost in the zeros, this distance is 360 
million light years—very roughly one- 
tenth of the radius of the observable 
universe. I know of no single star that 
has been observed or mapped even at 
100 million light years, and there must 
be thousands of as yet undiscovered 
stars closer than a mere 100 light 
years. Further, a 200-inch exposure 
might well record more than 10 times 
as many “new” stars in our own 
galaxy as are visible on the Palomar 
Sky Survey, which was made with 
the 48-inch Schmidt telescope. An- 
other incorrect statement refers to the 
supernova of A.D. 1054 (now the Crab 
nebula) as perhaps “the brightest celes- 
tial object, other than the sun, ever 
to be beheld by historic man.” The 
author has forgotten about the moon 


and a number of very bright comets. 
In terms of absolute luminosity, this 
supernova, compared with the more 
than 50 other known supernovae, is 
one of the brightest, but many galaxies 
are known that are at least 10 times 
brighter. On page 583 Mercury’s peri- 
helion is said to be stationary in a 
Newtonian orbit and to advance in an 
Einsteinian orbit. Actually, the peri- 
helion point advances at the rate of 
573 seconds of arc a century; the rate 
predicted by Newtonian theory on the 
basis of perturbation by other planets 
is only 43 seconds of arc less. 

Murchie proposes names for the 
eight fainter satellites of Jupiter: Io- 
dama, Carmanor, Arion, Psylla, Cy- 
rene, Antiphus, Autonoé, and Hecabe. 
I can only heartily agree with the com- 
ment of Seth Nicholson, discoverer of 
four of these moons, who is quoted as 
saying: “The names you suggest .. . 
are good logical ones. I thank that, 
like Pullman cars, they will be known 
by their numbers, not th:ir names.” 
He Autonoé! 


Colliding Galaxies 


Murchie, along with the other 
authors to varying degrees, does not 
have a completely satisfactory discus- 
sion of radio sources or, especially, of 
the cosmological importance of Cyg- 
nus A and similar colliding galaxies. 
Inasmuch as tens, if not hundreds, of 
millions of dollars are now being in- 
vested in instruments necessary to 
further investigate such radio sources, 
it might be well to discuss the matter 
here briefly. By 1952 the five brightest 
sources, or radio “stars,” had been 
identified with five different kinds of 
objects: a pair of galaxies in collision, 
an elliptical galaxy with a peculiar jet, 
a strange object which is possibly an 
elliptical and spiral galaxy in collision, 
a supernova remnant (the Crab nebula), 
and an unusual new type of galactic 
nebula. At the present time we know 
(with some certainty as to their posi- 
tions) of approximately 2000 radio 
stars; only about 70 of these have been 
optically identified. Perhaps only a 
fraction of them will ever be identified 
for the following reasons. Cygnus A 
is the second strongest known radio 
star, yet is at a distance of about 
500 million light years and is only 
18th magnitude optically. If it were 
four magnitudes fainter (a factor of 
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40), it would be almost impossibly 
difficult to identify or investigate with 
the 200-inch Palomar reflector by 
present techniques. Radio telescopes 
have increased in sensitivity so rapidly 
that radio stars 1/10,000 as energetic 
as Cygnus A will be detectable with 
confidence. A Cygnus A type object, 
other things being equal, therefore 
could be detected at distances 100 times 
greater (50 billion light years!), cor- 
responding to a volume of space 1 mil- 
lion times larger. We might therefore 
expect 1 million such radio stars to be 
detectable, remembering that this is a 
gigantic extrapolation from vanishingly 
“thin” statistics. Further, Cygnus A is 
receding with a velocity of 5.6 percent 
the velocity of light, so that relativistic 
effects should be overwhelming at the 
limit of detection, and counts of.radio 
stars to fainter and fainter limits might 
well give fundamental information 
concerning the nature of the physical 
universe out to distances of at least an 
order of magnitude larger than is pos- 
sible by present optical means. 
However, there is still the all-im- 
portant question of the identity of these 
otherwise invisible sources, and for 
this reason every possible means 
should be explored to increase the 
sensitivity of optical telescopes. This 
could come about through image-tube 
devices, or more sensitive fine-grain 
photographic emulsions, or the dis- 
covery of observatory sites with ex- 
ceptionally good seeing, or, most im- 
portant, through the building of larger 
reflectors. The Russians are building a 
236-inch reflector, possibly to be in 
operation by 1967; there are no cor- 
responding plans in this country. Fur- 
ther. the Southern Hemisphere is 
poorly taken care of insofar as this 
problem is concerned, with nothing 
larger than 74 inches now available. 


Measuring Large Distances 


There is a strong tendency for most 
writers on astronomy, whether for 
popular or for more serious consump- 
tion, to write glibly about distances of 
millions or billions of light years with- 
out giving their readers a lucid and 
reasonably detailed account of just how 
such enermous distances are measured, 
what uncertainties are involved, or the 
basic assumptions that are made. A 
distance of 5 billion light years, close 
to the limit of the 200-inch telescope, is 
up by a factor of more than 1 million 


compared to the limit of trustworthy 
distances that can be obtained by the 
straightforward trigonometric method 
which uses the diameter of the earth’s 
orbit as a baseline. Although an ade- 
quate account should lean heavily on 
drawings and pictures, perhaps the 
technique can be at least indicated here 
by a series of appropriate questions and 
answers: (i) How far away could the 
sun be observed with the naked eye? 
The answer is about 50 light years; 
this involves a knowledge of the sun’s 
apparent magnitude and distance, the 
knowledge of the apparent magnitude 
of a barely visible star (sixth magni- 
tude), and the use of the assumption 
of the inverse square law which states 
that the intensity of a source varies 
inversely as the square of its distance. 
(ii) How far away could a star like 
the sun be seen with the aid of a 200- 
inch telescope? About 50,000 light 
years. This comes from the fact that 
the 200-inch telescope has 1000 times 
the diameter of the pupil of the human 
eye and therefore has 1 million times 
the area or light gathering power; 
again, the inverse square assumption. 
(iii) How far could a large galaxy 
with an integrated luminosity of 10” 
suns be seen through the 200-inch? 
The inverse square law is again in- 
voked and the answer is 100,000 times 
further out, or 5 billion light years. 
(iv) What does the astronomer have 
to know in order to “measure” such a 
distance with some degree of confi- 


dence? Three things are involved: 
identification, photometric measure- 
ment, and calibration. The observer 


must be able to identify accurately a 
smudge on a photographic plate as a 
large galaxy of a given absolute lu- 
minosity. He does this by fixing his 
attention on a few of the brightest 
galaxies in a distant cluster of galaxies 
—each of the few dozen smudges veri- 
fying the identity and relative luminos- 
ity of each of the other neighboring 
smudges. The measurement is a labo- 
rious process of photometry, attempted 
only on those rare moonless nights 
of superb seeing. The light from the 
perhaps invisible galaxy is isolated in 
the focal plane of the giant reflector by 
a hole a few seconds of arc in di- 
ameter, accurately positioned by means 
of offset guiding from a brighter star. 
The tenuous mixture of galaxy light 
and night sky light is allowed to fall on 
a sensitive photoelectric surface, and 
the resulting emitted electrons are 
electronically counted one by one. The 


observer must shift back and forth all 
night long between the galaxy and an 
adjacent bit of clear sky so that the 
light from the galaxy can be accurately 
disentangled from the much more in- 
tense night sky radiation. 

The astronomer then asks the key 
question: “How far away must this 
galaxy be to appear as faint as it 
does?” Before he can answer he must 
know the absolute luminosity of a large 
galaxy—whether it is 10° suns or 
something smaller or larger. This in- 
volves three successive stages of cali- 
bration. The cepheid variables, those 
supergiant milestones of the universe, 
betray not only their own presence in 
neighboring galaxies by their character- 
istic variation of light but also their 
own absolute luminosity which in- 
creases with the period of light varia- 


tion. This cepheid calibration is in- . 


directly accomplished by statistically 
deriving the mean distances of nearby 
cepheids from their characteristic mo- 
tions, or it is obtained from those few 
cepheids which are members of rela- 
tively nearby galactic star clusters of 
known distance. For galaxies of inter- 
mediate distance, such as those in the 
great Virgo cluster of galaxies, the 
cepheids are too faint to be observed, 
so the brightest supergiant stars in a 
galaxy must be used. This bright star 
luminosity calibration is obtained from 
neighboring galaxies whose distances 
are known because of the cepheids they 
contain. This large sample of inter- 
mediate galaxies of known distance 
(and therefore of known integrated 
luminosity) can then be discussed in 
terms of the statistics of their in- 
tegrated absolute luminosities—the so- 
called luminosity function. The third 
and last calibration step enables the 
astronomer to predict with some con- 
fidence just what the average absolute 
luminosity of the 5 or 10 brightest gal- 
axies in a cluster of galaxies will be. 
The patient reader who has followed 
the thread of logic through all of this 
can readily understand how identifica- 
tion errors, calibration errors, statis- 
tical errors, photometric errors, and 
errors of assumption can enter at 
every stage of the game. He will not 
be surprised to learn that Hubble’s old 
distance scale is off by a factor of 
somewhere between 2 and 15; or that 
a much more precise value of this 
factor will not appear overnight. There 
are other possible approaches; the ap- 
parent diameters of galaxies and also 
the photometry of globular clusters as- 
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sociated with galaxies can give useful 
checks. The linearity of the relation 
between the red shift and the photo- 
metrically derived distances gives some 
confidence about the internal consist- 
ency of the cosmological distance scale 
and also provides a useful method of 
determining the distance of an isolated 
galaxy by spectroscopic observation of 
its velocity; it does not verify the slope 
of the velocity-distance relation. 


Astronomical History 


Colin A. Ronan’s Changing Views 
of the Universe (Macmillan, New 
York, 1961. 206 pp. $3.95) is for the 
serious amateur and student; it is de- 
signed to provide a historical back- 
ground against which the contempo- 
rary picture of astronomical research 
may be compared. Prehistory, early 
civilizations, Greek ideas, and_ the 


growth of astronomy in Western Chris-° 


tendom are well explained and make 
for good reading, although the book 
as a whole suffers from a dearth of 
explanatory drawings and pictures. The 
stature of Hipparchus, probably the 
greatest observational astronomer of 
antiquity, is clearly shown. A good 
modern biography of this great man 
would be most welcome. The stagnation 
of astronomy after the work of Ptolemy 
is a peculiar affair. A final death blow 
to Greek astronomical ideas and ac- 
complishments occurred in A.D. 640 
when the Mohammedan fanatic, Ca- 
liph Omar, ordered the destruction of 
the Alexandrian library. One might 
well ask, is it possible for such a thing 
to happen again? 

The importance of the impact of 
technological developments such as the 
telescope is well emphasized: for 
example, “Photography brought the 
truly achromatic reflector back into 
favour, and it would be no exaggera- 
tion to say that the advent of spec- 
troscopy and photography virtually 
changed the face of observational as- 
tronomy, as well as certainly having a 
profound effect upon cosmological 
speculation.” It has often been said 
that technology depends on_ basic 
science; the reverse can also be true. 
Astronomers now study distant stars 
and galaxies in a variety of new ways 
because of highly developed and com- 
plex vacuum tubes, or multiplier pho- 
totubes, or, in the future, rockets. 

The last chapter—“The twentieth 
century”—is unfortunately a real dis- 
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appointment and mars an otherwise 
excellent book. A volume entitled 
Changing Views of the Universe should 
end with an adequate picture of what 
we now know about the universe and 
of how we learned these things. The 
great 20th century developments are 
given in the last 30 pages in vague or 
scrambled form or not at all. Shapley’s 
great “leap of faith” which drastically 
changed our viewpoint from _helio- 
centric to galactocentric is not de- 
scribed. The measurement of cosmo- 
logical distances is not given nor is 
the greatest observed velocity of reces- 
sion (now up to 46 percent of the 
velocity of light). Although there are 
a considerable number of pages on 
relativity and English cosmological 
speculations, there is but one sentence 
on the Lemaitre-Gamow “Big Bang” 
hypothesis and little or nothing on 
current ideas of stellar evolution. The 
exciting probable future history of 
the sun for the next 6 billion years 
is not given; an excellent account of 
this can be found in Stokley’s book. 
The accomplishments and implications 
of radio astronomy are poorly pre- 
sented. Half a sentence is devoted to 
21-centimeter (hydrogen) radiation 
and nothing at all to colliding galaxies 
or radio signals from Jupiter or to 
radar contact with the Moon, Sun, 
and Venus. The definitions in appendix 
5 for right ascension, celestial longi- 
tude, and stellar parallax are incor- 
rectly given. 


Galaxies Again 


Harlow Shapley’s contributions to 
astronomy over the past half century 
are numerous and fundamental. His 
discovery of the size of our galaxy 
and of the position of its distant cen- 
ter was one of the truly great accom- 
plishments of this century. Shapley is 
also a successful popular writer, and 
his revised edition of Galaxies (Har- 
vard University Press, Cambridge, 
Mass., 1961. 186 pp. $5), one of the 


Harvard Books on Astronomy, should | 


sell well. In the 18 years since pub- 
lication of the first edition large new 
optical telescopes at Lick, Palomar, 
Pretoria, Canberra, and Harvard 
Kopje have made notable contributions 
in this field; some of these are pre- 
sented in this edition, but a great deal 
of current progress is omitted. As the 
author states in the preface, the con- 
tributions from radio telescopes, the 


motions of spiral arms, the new color- 
luminosity arrays for globular clusters, 
red-shift details, and new views on 
the ages and evolution of stars and 
galaxies are treated briefly or not at 
all. The new edition includes a number 
of the recent best photographs taken 
at Palomar or with the ADH Schmidt 
in South Africa. The discussion is es- 
sentially nonmathematical because, al- 
though it has often been found neces- 
sary to investigate the solar system 
with a ten-place electronic calculator, 
a 10-inch slide rule still suffices for 
most caiculations in the realm of the 
galaxies. 


Summary 


Shapley’s book is the only one of the 
seven which will be of substantial as- 
sistance in the training of astronomy 
students at the graduate level. Although 
a number of excellent advanced mono- 
graphs are now available or are in the 
making, textbooks on the junior, senior, 
and first-year graduate level are sorely 
needed. 

The other volumes will be useful, in 
one way or another, to students and in 
informing the general public about as- 
tronomy. Both Schneider’s and King’s 
volumes will be helpful at the junior- 
high and high-school levels, and they 
will also be of interest to the general 
public. The volumes by Stokley and 
Inglis will probably find their greatest 
use at the beginning college level. Music 
of the Spheres is thoroughly enjoyable 
reading and should become a popular 
classic. Ronan’s book, except for the 
shortcomings of the final chapter, gives 
a readable and well-balanced account 
of astronomical history. 


Avian Functional Biology 


Biology and Comparative Physiology 
of Birds. vol. 2. A. J. Marshall, Ed. 
Academic Press, New York, 1961. 
x + 468 pp. Illus. $14. 


This volume contains 14 chapters, 
which, together with the 12 chapters 
of the first volume, offer the reader a 
comprehensive, carefully selected, and 
well-presented account of the func- 
tional biology of birds. As in the first 
volume, each chapter deals with a dis- 
crete subject and has a useful bibliog- 
raphy which readily enables non- 


275 


ill 
in 
n- 
ey 
1is 
ist 
or 
se, 
eir 
in- 
ria- 
in- . 
lly 
rby 
no- 
few 
ela- 
of | 
ter- 
the 
the | 
ved, 
na 
star | 
rom 
nces 
they | 
iter- | 
ance 
ated 
1 in 
in- | 
$O- 
third 
the 
con- | 
olute 
gal- 
owed 
this | 
ifica- 
tatis- 
and 
r at 
| not 
s old 
of 
that 
this 
[here 
e ap- 
also 
rs as- § 
IL. 134 


specialists to pursue further any topic 
of interest. The chapters deal with the 
central nervous system, with the sense 
organs having to do with taste, smell, 
equilibration, vision, and hearing, with 
the complex actions and interactions 
of the endocrine glands and their effect 
on other bodily functions, with the 
various problems of sex, secondary 
sexual characters, and of reproduction, 
and with those of energy metabolism, 
thermoregulation, and body tempera- 
ture. The other topics covered are less 
often included in physiological treatises, 
but they clearly have physiological 
“roots”; these are flight, breeding 
seasons, migration, long-distance orien- 
tation, the nature and analysis of be- 
havior, and demographic aspects of 
bird populations—such as longevity, 
sex ratio, territorial behavior, and the 
natural regulation of population num- 
bers. 

The contributing authors are R. H. 
J. Brown, D. S. Farner, J. A. Gibb, 
R. A. Hinde, E. O. Hohn, J. R. King, 
the late G. Kramer, A. J. Marshall, 
A. Portmann, R. J. Pumphrey, W. 
Stingelin, and E. Witschi. To them and 
to those who gave of their time and 
energy to the first volume of this highly 
useful compendium are due the con- 
tinuing gratitude of all who have oc- 
casion to use the volumes. 

HERBERT FRIEDMANN 
Los Angeles County Museum, 
Los Angeles, California 


Modern Physics for Laymen 


The Atom and Its Nucleus. George 
Gamow. Prentice-Hall, New York, 
1961, 153 pp. $1.95. 

Atomic Physics Today. Otto R. Frisch. 
Basic Books, New York, 1961. vii 
+ 254 pp. Illus. $4.50. 


The Atom and Its Nucleus is both 
brief and densely packed with ideas. 
It is carefully organized with a definite 
continuity that begins with the early 
chemical evidence for the existence of 
atoms. The next four chapters present 
the experiments and the theoretical 
ideas which led up to the modern view 
of atomic structure. The development 
is well handled, within the limitations 
of extreme brevity. 

The two chapters on radioactivity 
seem less impressive, perhaps because 
so many others have dealt with this 
topic on the popular level. The later 
chapters come alive when the author 
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discusses the atomic nucleus, nuclear 
reactions, and the great variety of newly 
discovered elementary particles. 

The careful reader who remembers 
some elementary algebra and elemen- 
tary physics will find this book a re- 
warding summary of the highlights of 
atomic physics. There is very little 
mathematics, but this minimum is quite 
essential to the presentation. One can 
hardly criticize the author for the in- 
evitable defects of a condensed treat- 
ment, but one can criticize the pub- 
lisher for what seems to be hurried 
production with errors that will trouble 
the reader. The illustrations, in par- 
ticular, show signs of undue haste; for 
example: I think the reader will won- 
der how the Davisson Germer experi- 
ment could produce a circular diffrac- 
tion pattern. In one or two other cases 
the caption and the figure do not agree 
with each other, nor with the text. 

Atomic Physics Today is a collection 
of articles and lectures and is therefore 
less rigidly organized. It is almost en- 
tirely qualitative and requires a mini- 
mum of technical background. Several 
chapters of this book, also, are devoted 
to developing the modern picture of 
atomic structure. In addition, Frisch 
covers such topics as the economics of 
nuclear power, the biological effects of 
radiation, and the use of radioisotopes 
in medical research and treatment. It 
should therefore appeal to a much 
wider audience than The Atom and 
Its Nucleus. 

Perhaps the most worthwhile part of 
Atomic Physics Today is the section 
which describes the “hardware” of 
modern physics. Here the author does 
a remarkable job of explaining and 
putting in proper perspective various 
devices such as the bubble chamber, 
nuclear emulsions, scintillation coun- 
ters, and other instruments essential to 
particle physics. He gives an excellent 
summary of the techniques of experi- 
mental physics, giving proper credit to 
the vital instruments which enable us 
to “see” elementary particles, but which 
are not so glamorous as the well-publi- 
cized accelerators. 

The chapters on nuclear models and 
elementary particles are good, but per- 
haps suffer from being entirely non- 
mathematical and from making mini- 
mum use of illustrations. The conclud- 
ing chapters present an_ interesting 
speculation about the notion of 
causality in relation to quantum theory 
and a well-argued justification for basic 
research. In spite of the limitations of 
a wholly verbal approach this may be 


an excellent first book for the adult 
with no previous exposure ‘to physics. 
In summary, both books endeavor 
to present modern physics to the non- 
physicist; they differ in style and con- 
tent, and each will appeal to a differ- 
ent group of readers. 
MALcoLM K. SMITH 
Science Teaching Center, 
Massachusetts Institute of Technology 


Administration in Education 


Governance of Colleges and Universi- 
ties. John J. Corson. McGraw-Hill, 
New York, 1960. vii + 209 pp. 
$5.50. 


The author of this book, the director 
for an international management con- 
sultant firm, who himself has had 
broad experience not only in business 
management but also in higher educa- 
tion as a professor and as a trustee, 
has investigated the obligations and 
responsibilities of college and univer- 
sity regents, administrators, and fac- 
ulties. From a survey of institutions 
of higher education representative of 
private, public, and denominational col- 
leges and universities with enrollments 
varying from 800 to 27,000 students, 
he has sought to determine how such 
schools are governed and how their 
governance might be improved. 

The study was made to elucidate the 
general theory behind decision making 
in such institutions and to determine 
at what level decisions are made and 
how they are carried out. Unprece- 
dented demands are about to be made 
upon colleges and universities because 
of the imminent increase in the num- 
bers of students, the necessity of adapt- 
ing higher education to the needs of 
modern society, and the need to con- 
tinue to stimulate creativity. 

Governance in colleges and universi- 
ties differs from that of businesses and 
industries in that it serves a multiplicity 
of purposes. It must therefore be more 
dispersed than that of a typical business. 
The problems of decision making are 
carefully analyzed from the viewpoint 
of the board of trustees, the president, 
the deans, the department chairman, 
and the faculties. Among the problems 
are whether the final authority in mat- 
ters of education policy should be 
delegated to the faculty, to what ex- 
tent the faculty should act as advisors 
to the president and deans, and whether 
the president should hold himself apart 
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as a chief executive to whom recom- 
mendations go for approval or should 
serve largely as chairman of the faculty. 

Additional discussion is concerned 
with the degree of communication that 
should be maintained between the 
faculty and the trustees and with how 
it should be maintained; with what 
organizational arrangements of facul- 
ties—such as senates, councils, and 
committees—can best assemble faculty 
opinion for the president and trustees; 
and with how faculties can be trained 
or persuaded to consider broad aspects 
of policy rather than the interests of 
individual disciplines. 

Like other enterprises, the admin- 
istration of a college involves the 
making of decisions, which are then 
implemented, communicated to those 
who must carry them out, and appraised 
in the light of results and of changing 
conditions. Unlike the administration 
of business and industry, good educa- 
tional administration must focus on 


the development of the individual and ° 


must have the capacity for adaptability 
rather than the ability to maintain a 
smooth-running machine: a “tight 
ship.” The goals of a university are 
not likely to be as clearly defined as 
those of an industry. They give greater 
opportunity for individual decisions by 
faculty members, but concomitantly 
place larger demands for leadership on 
presidents and trustees. Furthermore, 
the product or service provided by the 
university is less tangible than that of 
a business or industry. The commit- 
ments of the faculty are more likely 
to be to professions or disciplines than 
to the university or college itself. More- 
over, faculty members expect the privi- 
leges of self-direction in their work 
and of participation in major decisions. 
As a result, the right to participate in 
decisions is far more diffused in uni- 
versities than in almost any other 
enterprise. 

One chapter gives special attention 
to the influence of outside agencies 
on the governance of universities: 
agencies such as contractual research 
organizations; federal, state, and local 
governments; accreditation agencies; 
and donors.. 

The final chapter is given over to 
a searching analysis of institutional 
character. This chapter -will be of ex- 
ceptional interest not only to those 
who govern universities but to all who 
are connected in any way with college 
and university communities. 

LAURENCE H. SNYDER 
University of Hawaii 
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Yesterday in Tanganyika 


The Lake Regions of Central Africa. A 
picture of exploration. Sir Richard 
F. Burton. Introduction by Alan 
Moorehead. Horizon Press, New 
York, 1961. vol. 1, xxiv + 421 pp.; 
vol. 2, viii + 468 pp. Illus. $15, the 
set. 


The Lake Regions of Central Africa 
first appeared in 1861. In 1857, Bur- 
ton had set out with his companion 
John Speke to reach and explore Lake 
Tanganyika. When they returned in 
1859, they were the first European 
travelers to have followed the caravan 
route from the coast to the lake, and 
they had also made the first circum- 
navigation of Tanganyika. The route 
they traveled was already well known 
to Arab and Indian merchants. Indeed, 
the expedition would have ended in 
failure at a number of points had it 
not been for the hospitality and as- 
sistance offered by Arab traders who 
had established posts far inland. This 
in no way diminishes what Burton and 
Speke accomplished, for they were the 
first to seek to describe the country 
and to share their knowledge with the 
world. In the hundred years since 
Burton’s account first appeared, it has 
become one of the classics of African 
exploration, notable not only for its 
description of an Africa of yesterday, 
set forth in magnificent prose, but also 
for the light it throws on one of the 
most remarkable men of the 19th 
century. Long out of print, it has be- 
come a rare book. Now Horizon Press 
has republished it in a beautiful two- 
volume edition carrying the original 
illustrations. 

In a hundred years, Tanganyika has 
changed dramatically, yet Burton’s 
book remains of enduring interest. 
There is no question of its importance 
as a historical document. In many in- 
stances it is the earliest report on 
various peoples of the interior. Burton 
had the seeing eye, the questioning 
mind, the interest in manners and 
customs that made him the ideal ob- 


server. He could also be opinionated - 


and prejudiced, and sometimes he was 
just plain wrong, but at this distance, 
this seems to matter little. His eye for 
country was even better than his eye 
for custom. He gives the results of his 
geographical observations and then tops 
this with a word picture of the land- 
scape. He describes African villages 
and Arab trading camps, discusses the 


terms of trade, examines the organiza- 
tion of the various types of caravans, 
and passes free comment upon all 
whom he encounters. He leaves little 
to the imagination with regard to the 
physical hardships and great discom- 
forts to be encountered over almost 
every leg of the journey. 

The reappearance of The Lake 
Regions of Central Africa will be wel- 
comed by anthropologists, historians, 
and geographers interested in Africa, 
and no less by all those who enjoy 
books of exploration. 

E. CoLson 
Department of Anthropology, 
Brandeis University 


Soviet Oceanography 


Okeanologiya. L. A. Zenkevich, Ed. 
Oceanographic Commission, Soviet 
Academy of Sciences, Moscow, 
1961. 190 pp. Illus. $12.50 per 
year (six issues per year). 


The first issue of a new journal, 
Okeanologiya (Oceanology), has just 
been released by the Oceanographic 
Commission of the Soviet Academy of 
Sciences. The journal, which will bring 
together papers from Russian oceano- 
graphic research, should be translated 
into English as an aid for Western 
readers who wish to keep abreast of 
the rapid advances in Soviet oceanog- 
raphy. 

Volume 1, Number 1, the first of 
six issues to be released during 1961 
under the general editorship of L. A. 
Zenkevich, contains 190 pages and in- 
cludes 16 papers dealing with physical, 
chemical, biological, and _ geological 
oceanography; 2 articles on apparatus 
and methods; 3 book reviews; and 12 
news items. An English table of con- 
tents is supplied, but unfortunately no 
abstracts, either in English or in Rus- 
sian, are provided. 

Twelve basic problems, which are 
to be reflected in papers published in 
the journal, are outlined in a nine-page 
editorial. These problems are: struc- 
ture of waters of the world ocean and 
physical processes taking place in it; 
chemical structure of water masses of 
the ocean and chemical processes oc- 
curring therein; interaction of the 
ocean and atmosphere; biological struc- 
ture of the ocean and its organic re- 
sources; geologic structure of the ocean 
floor; structure of the earth’s crust 
under the ocean; interaction of the 
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ocean and lithosphere; history of the 
world ocean; mineral resources of the 
ocean; energy resources of the oceans; 
complex regional natural resources of 
seas and oceans; preservation of re- 
sources and change in the character of 
the world ocean. 

Subscriptions may be placed with 
any of the official dealers in Soviet 
publications in the United States or 
abroad. 

JOHN W. WINCHESTER 
Department of Geology and 
Geophysics, Massachusetts Institute 
of Technology 


Criteria for Publication 


Apples of Immortality from the Cuna 
Tree of Life. The study of a most 
ancient ceremonial and a belief that 
survived 10,000 years. Clyde E. 
Keeler. Exposition Press, New York, 
1961. 72 pp. Illus. + plates. $3.50. 


The subtitle of this book, “The study 
of a most ancient ceremonial and a be- 
lief that survived 10,000 years,” imme- 
diately arouses in any anthropologist 
the suspicion that here is another ama- 
teur, speculative endeavor addressed to 
large issues in cultural history. Reading 
the volume confirms the suspicion. 

Clyde Keeler is a geneticist, with 
more than creditable recognition in his 
own field, who has adopted the San 
Blas Cuna Indians of eastern Panama 
as a hobby-like subject of study; over 
the years, he has developed a familiarity 
with some of the people and an undis- 
ciplined knowledge of the formal 
ethnographic literature concerning 
them. The present book purports to 
trace certain Cuna rites and usages con- 
cerned with the fruits of the Genipa 
americana tree (employed on certain 
occasions as a body “paint” or dye) to 
the Tree of Life motif in the myth- 
ologies of the Near East and elsewhere. 
In the course of the book, the reader is 
confronted with figures and text refer- 
ences pertaining to Egypt, India, 
Sumeria, the Upper Paleolithic of West- 
ern Europe, Mexico, Arizona, British 
Columbia, and points between. 

An appeal is made to the long-since 
discredited Heliolithic theory of cultural 
history of Sir Grafton Elliot Smith, to 
the possibility that Phoenician trading 
colonies were the origin of both the 
Mandan and Hopi Indian tribes of 
North America, and to the “expert” 
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knowledge of a Potawatomi Indian to 
whom Keeler sent some of his findings 
for evaluaticn. His general conclusion 
is that present Cuna practices are a 
stage in the Tree of Life myths and 
ceremonies, and their depiction, held 
by diverse other peoples of between 
6000 and 10,000 years ago. 

The author states in his final para- 
graph “that to conjecture this is anthro- 
pological heresy today. . .”; with this 
I agree, stipulating, however, that the 
word “heresy” be replaced by “fantasy.” 

The merits of this book aside, it is 
one more reason for raising the ques- 
tion: “Why does an expert in one field 
think that his hobby, however satisfying 
to him, is sufficiently disciplined to 
merit publication and serious considera- 
tion by other scholars?” Surely, Keeler 
would not employ the low standards in 
the collection and assessment of evi- 
dence and in the selection of what fits 
the case and the rejection of what 
does not in his genetic research that 
he has applied in writing Apples of 
Immortality... . 

Davin B. StouT 
Department of Anthropology and 
Linguistics, University of Buffalo 


New Books 


Mathematics, Physical Sciences, 
and Engineering 


Artificial Satellites. Michael W. Oven- 
den. Penguin Books, Baltimore, Md., 
1961. 128 pp. Illus. $1.25. 

College Physics. Ray W. Kenworthy. 
Davis, Philadelphia, Pa., 1961. 671 pp. 
Illus. $8.50. 

Concepts from Tensor Analysis and 
Differential Geometry. Tracy Y. Thomas. 
Academic Press, New York, 1961. 126 
pp. Illus. $5. 

Descriptive Palaeoclimatology. A. E. 
M. Nairn, Ed. Interscience, New York, 
1961. 391 pp. Illus. $11. 

The Earth Today. A collection of pa- 
pers dedicated to Sir Harold Jeffreys. 
A. H. Cook and T. F. Gaskell, Eds. Royal 
Astronomical Soc., London, 1961 (order 
from Oliver and Boyd, London). 414 pp. 
Illus. 80s. . 

Electrical Engineering. S. B. Hammond. 
McGraw-Hill, New York, 1961. 576 pp. 
Illus. $8.75. 

Electrical Estimating. Ray Ashley. Mc- 
Graw-Hill, New York, ed. 3, 1961. 446 
pp. Illus. $12.50. 

Engineering Data for Product Design. 
Douglas C. Greenwood, Ed. McGraw-Hill, 
New York, 1961. 438 pp. Illus. $10. 

Full-Scale Fatigue Testing of Aircraft 
Structures. F. J. Plantema and J. Schijve, 
Eds. Pergamon, New York, 1961. 436 
pp. Illus. $15. Proceedings of a sym- 


posium held in Amsterdam, Netherlands, 
June 1959. 
Fundamental Mathematics. Thomas L. 


Wade and Howard E. Taylor.. McGraw- 
Hill, New York, ed. 2, 1961. 442 pp, 
Illus. 

Gas Chromatography. Ernst Bayer. El- 
sevier, Amsterdam, 1961 (order from Van 
Nostrand, Princeton, N. J.). 252 pp. Illus. 


Gas Sampling and Chemical Analysis 
in Combustion Processes. G. Tine’. Perg- 
amon, New York, 1961. 109 pp. Illus. $6. 

An Introduction to Relativistic Quan- 
tum Field Theory. Silvan S. Schweber. 
Row, Peterson, Evanston, IIl., 1961. 917 
pp. Illus. 

Introductory Systems Analysis. Signals 
and systems in electrical engineering. Wil- 
liam A. Lynch and John G. Truxal. Mc- 
Graw-Hill, New York, 1961. 473 pp. 
$7.50. 

Iterative Arrays of Logical Circuits. 
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Anopheles hackeri, a Vector of 
Plasmodium knowlesi in Malaya 


Abstract. Anopheles hackeri, a mos- 
quito commonly found breeding in nipa 
palm leaf bases along the Malayan 
coast, was demonstrated to be infected 
with Plasmodium knowlesi by the inocu- 
lation of sporozoites into an uninfected 
rhesus monkey. This was the first demon- 


‘stration of a natural vector of any 


monkey malaria. 


The discovery that a Malayan strain 
of Plasmodium cynomeolgi_ bastianellii, 
isolated from the long-tailed macaque, 
Macaca irus, was transmissible to man 
(J) has stimulated inquiries into the 
vectors of monkey malaria in nature. 
Although the identity of the main 
human vectors in Malaya, Anopheles 
maculatus, A. letifer, A. umbrosus, A. 
sundaicus, and the dark-winged form 
of A. barbirostris, is well established 
(2), virtually nothing is known about 
transmission of monkey malaria. 

There has been some doubt about 
the origin of odcyst and sporozoite in- 
fections in certain anophelines, and in 
particular, J. A. Reid of the Institute 
for Medical Research of the Federa- 
tion of Malaya suspected that two 
members of the A. leucosphyrus group, 
A. hackeri and A. pujutensis, were 
vectors of monkey malaria. An_in- 
vestigation of their feeding habits 
showed that neither was attracted to 
man, but both were caught on monkey 
bait, and precipitin tests of blood from 
adults caught by day confirmed that 


Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
feport proper. 

Type manuscripts double-spaced and submit one 
tibbon copy and one carbon copy. 

Limit the report proper to the+ equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to contrib- 
utors” [Science 125, 16 (1957)]. 
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Reports 


these mosquitoes fed on monkeys in 
nature (3). Efforts have been made to 
identify the infections in these mos- 
quitoes, and a strain of Plasmodium 
knowlesi has been isolated in a rhesus 
monkey inoculated with sporozoites 
from Anopheles hackeri. 

Until comparatively recently A. 
hackeri was regarded as a rather rare 
mosquito breeding in split bamboos 
in inland forest, but, as described by 
Reid and Weitz (3), it is now known 
to be quite common on the Selangor 
coast, where the larvae and adults 
were found in the old leaf bases of 
the nipa palm (Nipa fruticans). 

Our studies were made in the vicinity 
of Kampong Rantau Panjang, north 
of Klang near the Selangor coast, and 
this was also the area studied by 
Reid and Weitz (3). In the study area, 
which bordered on mangrove swamp, 
nipa palms were extensively cultivated. 
Anopheles hackeri larvae were found 
in the old leaf bases of the palms, and 
resting adults could be collected a few 
inches above the water line at the 
rate of about five females per man- 
hour by experienced collectors. During 
the study period A. pujutensis was not 
found frequently. 

Through trapping mosquitoes the 
conclusion of Reid and Weitz (3) that 
A. hackeri is attracted to monkeys was 
verified. Over a period of 34 nights, 
20 A. hackeri, including 17 which 
were blood-fed, were taken in a mon- 
key-baited open net trap on a plat- 
form in the canopy 20 ft above 
ground level. Four mosquitoes were 
taken in a similar trap on the ground, 
but none of the four was blood-fed. 
Nearly all of the mosquitoes were 
caught on two nights, eight on one 
night and seven on the other, and each 
time the majority were caught about 
1 hr after sunset. The irregularity in 
trapping the mosquitoes was puzzling 
in view of their consistent presence as 
resting adults in nipa leaf bases and 
possibly indicated that they are shy 


feeders. Other trapping methods were 
unsuccessful. 

A man-baited net trap at ground 
level caught 13 A. hackeri. This was . 
surprising, as none had been caught in 
more extensive efforts by Hodgkin (2) 
or Reid and Weitz (3). For our ob- 
servations the traps were situated close 
to the breeding grounds, and the 
catching of A. hackeri in the man- 
baited trap is probably of little sig- 
nificance, since, as Colless (4) has 
shown, mosquitoes flying at random 
easily enter such traps even when 
they are unbaited. 

Precipitin tests made with blood 
from freshly fed mosquitoes captured 
from nipa leaf bases confirmed the 
finding of Reid and Weitz (3) that 
A. hackeri was feeding upon monkeys. 

Many mosquitoes from the nipa 
leaf bases and from the traps were 
dissected, ‘and only one sporozoite in- 
fection was found in over 700 mos- 
quitoes dissected. This is a much 
lower rate than the 4 percent recorded 
by Reid and Weitz (3). Mosquitoes 
were dissected in monkey serum-saline 
(one part serum to four parts physio- 
logical saline), and the sporozoites 
were inoculated intravenously into an 
uninfected Indian rhesus monkey 
(Macaca mulatta). 

Small ring forms were seen in small 
numbers in the blood 6 days later, 
and the infection built up with such 
rapidity that the monkey died in an- 
other 3 days. The periodicity was quo- 
tidian, and the parasites were mor- 
phologically identified as Plasmodium 
knowlesi. 

The infection was transferred to a 
second monkey, and infected blood 
was shipped to the United States for 
further study. This strain has been 
designated the hackeri strain of Plas- 
modium knowlesi. 

The demonstration that Anopheles 
hackeri is a natural vector of one of 
the species of monkey malaria is the 
first such demonstration /on_ record, 
but it falls far short of explaining the 
widespread occurrence of monkey ma- 
laria. Monkey malarias occur in many 
areas in which this species of mos- 
quito does not occur commonly. It is 
possible that other members of the 
Anopheles leucosphyrus complex are 
involved. 

Our laboratories have initiated an 
extensive investigation of the epidem- 
iology of monkey malarias, of which 
this study is a part. The transmission 
of monkey malarias as related tc 
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human malarias is being studied in a 
number of ecologically diverse situa- 
tions in Malaya, to determine whether 
malaria is, under any circumstances, a 
zoonotic disease in nature. 
R. H. WHARTON 
Institute for Medical Research, 
Kuala Lumpur, Federation of Malaya 
Don E. EYLEs 
Laboratory of Parasite Chemotherapy, 
National Institute of Allergy and 
Infectious Diseases, Chamblee, Georgia 
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Suppression of Shoot Formation 
in Cultured Tobacco Cells 
by Gibberellic Acid 


Abstract. When tobacco pith was cul- 
tured on media containing gibberellic acid, 
shoot formation was observed. The for- 
mation of stem structures was strikingly 
suppressed by concentrations of 0.5 mg/lit. 
and above. 


Application of gibberellins has gen- 
erally resulted in promotion, rather than 
suppression, of plant growth processes. 
One of the few instances of suppression 
reported is in the rooting of cuttings. 
Gibberellin treatments not only inhib- 
ited rooting of cuttings, but also 
counteracted the stimulation caused by 
auxin (/). In tests performed with 
cultured tobacco cells, I found that gib- 
berellic acid indeed prevented formation 
of roots under otherwise favorable con- 
ditions. 


The present report considers the ef- 
fect of gibberellin on the formation of 


Fig. 1. Formation of shoots in cultured 
tobacco cells as influenced by gibberellic 
acid. Pair on left, no gibberellin; pair on 
right, 5 mg of gibberellic acid per liter. 


stem structures in cultured cells. A 
preliminary study showed complete 
suppression of shoot formation when 5 
mg of gibberellic acid per liter was in- 
cluded in the culture medium. Repre- 
sentative cultures can be seen in Fig. 1. 
The present experiment extends this 
observation to other concentrations of 
the growth regulator. 

Tobacco (Nicotiana tabacum L. var. 
Wisconsin 38) pith, which had been in 
continuous culture for the last several 
years at the University of Wisconsin, 
was employed (2). The basal medium 
of Miller et al. (3), supplemented with 
three times the level of inorganic phos- 
phate, 0.5 mg of 3-indoleacetic acid, 
2 mg of kinetin (2), and 150 mg of 
L-tyrosine per liter, was utilized. The 
reports of others (4, 5) and my experi- 
ence showed that these levels of the 
supplements were optimum for shoot 
formation in cultured tobacco cells. 
Gibberellic acid (6) was included (0, 
0.5, 1.0, 5.0 and 10.0 mg/lit.). Solu- 
tions of this compound were sterilized 
by Millipore filtration to avoid any 
undesirable consequence of heating. 

For each level of gibberellin, ten 25- 
by 150-mm culture tubes, each con- 
taining 25 ml of medium, were em- 
ployed. One piece of callus, roughly 
2 mm’ and weighing about 40 mg, was 
cultured in each tube. The cultures 
were maintained at 21° to 27°C under 
continuous weak light from overhead 
fluorescent fixtures. 

The numbers of cultures with shoot 
and shoots per culture recorded after 
7 wk are shown in Table 1. Controls 
on basal medium showed profuse shoot 
development, whereas cultures supplied 
with gibberellic acid in any concentra- 
tion exhibited marked suppression. 
Levels of 5 and 10 mg/lit. of the com- 
pound were completely antagonistic. 
This suppression of shoot formation is 
most probably not due to toxicity, since 
no reduction in callus growth was ob- 
served in any of the treatments. Fur- 
thermore, the concentrations presently 
employed ranged below that found by 
Nickell and Tulecke (7) to be promo- 
tive in growth tests with cell cultures of 
a large number of species. 

These findings, together with earlier 
reports of inhibition of rooting, show 
that gibberellin is indeed physiologically 
distinct from either auxin or kinin. 
Auxin tends to promote rooting, and 
kinin enhances shoot formation (5). 
If the amounts of gibberellin presently 
incorporated into the culture medium 
can be assumed to have resulted in 


Table 1. Shoot formation in cultured tobacco 
pith as influenced by gibberellic acid. 


Gibberellic Cultures Shoots 
acid in with per 
medium shoot culture 
(mg /lit.) (No.) (No.) 

0 10 
0.5 3 0:6 = 4 
1.0 4 36 
5.0 0 0 
10.0 0 0 


levels which do not exceed the normal! 
physiological range in the cells, then 
the data reveal that, whereas gibberellin 
is known to stimulate organ enlarge- 
ment, the stem in particular, it antago- 
nizes the initiation of the structure (8). 

TosHIO MURASHIGE 
Hawaii Agricultural Experiment 
Station, Honolulu 
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Acid-Catalyzed Oxidation of 
Reduced Pyridine Nucleotides 


Abstract. Reduced pyridine nucleotides 
are oxidatively catalyzed in weakly acidic 
solutions. The rate is proportional to the 
acidity, and at constant acidic pH, the re- 
action follows first-order kinetics. The rate 
of oxidation of reduced triphosphopyridine 
nucleotide is approximately 3 times that of 
reduced diphosphopyridine nucleotide. The 
reaction offers a very plausible explanation 
for the metabolic efficiency of the malig- 
nant tumor cell. It may also play a key 
role in wound healing--and muscle con- 
traction. 


When reduced pyridine nucleotides 
(DPNH and TPNH) (/) are dissolved 
in weakly acidic buffers, they are 
found to undergo catalytic oxidation 
which may be followed spectrophoto- 
metrically by the decrease in optical 
density at 340 my. If the concentra- 
tion is expressed in terms of optical 
density, the reaction follows first-order 
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Fig. 1. Acid-catalyzed oxidation of DPNH. 


kinetics at a given acidic pH. The pH 
dependency of the reaction rate is 
indicated in Fig. 1 for DPNH in phos- 
phate buffers. The decrease in optical 
density is recorded as positive integers. 

When the oxidative rates are com- 
pared for equivalent concentrations of 
DPNH and TPNH at constant acidic 
pH, the rate for TPNH oxidation is 
approximately 3 times that for DPNH 
oxidation. This is shown in Fig. 2. 


e, TPNH 
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Fig. 2. Acid-catalyzed oxidation of TPNH 
and DPNH. 
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.methane) 


Preliminary experiments suggest 
that the reaction does not involve 
heavy metal catalysis, for no inhibition 
is observed with 1 x 10° mM NaCN; 
nor is there any curtailment of activity 
noted in a metal-free buffer prepared 
from “tris” (tris-hydroxymethylamino- 
and HCl. However, this 
aspect is being investigated more fully, 
since oxidative catalysis without heavy 
metal participation is indeed a singular 
event. Evidence thus far points to the 
pyridine moiety as being the sole locus 
of oxidation. The purine component re- 
mains unaltered, as evidenced by meas- 
urements at 260 my. 

The biochemical importance of the 
reaction becomes apparent when it is 
recalled that TPNH exists in consid- 
erable excess over triphosphopyridine 
nucleotide in all tissues (2). The inter- 
pretation generally given is that the 
oxidation of TPNH is a rate-determin- 
ing step in the various biosynthetic re- 


‘actions in which it is linked (3). This 


is probably true for normal cells, 
which function in the pH range of 
7.0 to 7.4. However, for malignant 
tumor cells, which metabolize in de- 
cidedly acidic pH (4), primarily be- 
cause of accumulated lactic acid (5), 
the oxidation of TPNH would not be 
rate-limiting. This reaction therefore 
represents a means by which a tumor 
cell exercises metabolic superiority 
over the normal cell. It also explains 
the so-called “nitrogen trap” mecha- 
nism usually associated with tumors, 
for the accelerated TPNH oxidation 
would result in the sparking of bio- 
synthetic reactions. 

The reaction may also play a key 
role in wound healing and muscle 
contraction, processes in which there 
is a local sharp drop in pH (6). In 
wound healing, the injured tissue, 
aided by the nonenzymic oxidative 
catalysis, would emphasize the syn- 
thetic reactions of repair until the pH 
returns to neutrality. Lactic acid 
formed in muscle contraction would 
stimulate the TPNH-linked synthesis 
of glycogen. The difference between the 
malignant tumor and these two proc- 
esses is that there is no return to 
neutrality in the case of the tumor (7). 

I. FELS 
Radioisotope Research Section, 
Veterans Administration Hospital, 
Hines, Illinois 
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L-Tyrosine Oxidase System 
in Tuber of Nutsedge 


Abstract. In the nutsedge, Cyperus 
rotundus L., the oxidation of L-tyrosine 
follows steps similar to those reported 
for mammalian liver and Blattella con- 
juncta. The system is activated by a-keto- 
glutarate, L-ascorbic acid, glutathione, and 
pyridoxal phosphate. Folic acid markedly 
inhibits the reaction. 


Previous studies (/) have shown 
that the nutsedge tuber has an active 
tyrosinase. Ascorbic acid activated 3,4- 
dihydroxyphenylalanine (DOPA) oxi- 
dase, but ascorbate inhibited the com- 
plete oxidation of this compound to 
hallochrome. The dormant tuber con- 
tains large quantities of ascorbic acid 
(115 mg/100 g of fresh weight), and 
it is evident that this vitamin un- 
doubtedly plays a vital role in the 
metabolism of the tuber. The function 
of ascorbic acid in the L-tyrosine oxi- 
dase system has been shown for mam- 
malian liver (2, 3) and Blattella con- 
juncta (4). 

The purpose of the present study 
was to follow the oxidation of L-tyro- 
sine by nutsedge tuber tissue as influ- 
enced by a-ketoglutarate and certain 
cofactors. 

Dormant nutsedge tubers were taken 
from greenhouse pots. The tubers were 
homogenized at 2°C in a chamber of 
the Omni mixer which contained 100 
ml of 0.2M potassium phosphate buffer 
at pH 6.8. The suspension was strained 
through one layer of cheesecloth, and 
the filtrate was centrifuged at 1300g for 
10 min at 2°C. 

Activity was determined by conven- 
tional Warburg methods at 25°C. The 
vessels contained the cofactors and sub- 
strates in a total volume of 2.4 ml of 
0.2M potassium phosphate buffer. A 
0.6-ml portion of the homogenate was 
placed in the side arm. The reaction 
was initiated by tipping the side arm. 
The final pH for the treatments was 
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Table 1. Effects of a-ketoglutarate and other 
components on the tyrosine oxidase activity of a 
homogenate of nutsedge tubers. 


Components added 
to homogenate Q 02 (N) 
None 17 
a-ketoglutarate (a-K) 26 
a-K + folic acid 3 
a-K + ascorbate 31 
a-K + pyridoxal phosphate 36 
a-K + glutathione 56 
a-K + glutathione + ascorbate 37 
a-K + glutathione + ascorbate + 
pyridoxal phosphate 68 
None + glutathione + ascorbate + 
pyridoxal phosphate 31 
a-K + glutathione + ascorbate + 
pyridoxal phosphate + folic acid 18 
None + glutathione + ascorbate + 
pyridoxal phosphate + folic acid 30 


7.0. Activity measurements were taken 
for 1 hr. 

The final concentrations of L-tyro- 
sine and a-ketoglutarate were 6.8 X 
10°M and 5 x 10°M, respectively, while 
the final concentration of the cofactors 
was: ascorbic acid, 5 X 10°M; pyri- 
doxal phosphate, 5 x 10°M; reduced 
glutathione, 3.3 x 10°M; folic acid, 

Table | shows results of a typical ex- 
periment. Activity was stimulated by 
a-ketoglutarate alone, or in combina- 
tion with either ascorbic acid, pyridoxal 
phosphate, or glutathione, but the great- 
est effects were obtained with a single 
combination of these. Folic acid with 
only a-ketoglutarate or in combination 
with the afore-mentioned cofactors 
markedly inhibited activity. These re- 
sults are contrary te the stimulation by 
folic acid reported for this system in 
mammalian tissue (3) and 1t1e cock- 
roach (4). Preliminary studies (5) 
indicate that folic acid is required for 
the oxidation of L-phenylalanine to L- 
tyrosine in the nutsedge homogenates. 

It appears that the oxidation of L- 


L-Tyrosine 
pyridoxal phosphate 
| a-ketoglutarate 
p-hydroxypheny!pyruvate 
1/2 Oz 
| ascorbate 
2,5-dihydroxyphenylpyruvate 
glutathione (GSH) 
intermediate + CO, 
homogentisate + GSH 


Fig. 1. A proposed scheme for the oxida- 
tion of L-tyrosine in Cyperus rotundus L. 


tyrosine by homogenates of nutsedge 
follows a pathway in which tyrosine is 
deaminated by a transamination reac- 
tion with a-ketoglutarate, which requires 
pyridoxal phosphate (6) and yields 
p-hydroxyphenylpyruvic acid (Fig. 1). 
This acid is oxidized to homogentisic 
acid and carbon dioxide. This system 
in nutsedge evolved 115 Qt, (N) with 
the combination of cofactors in Table 1 
that gave the greatest activity. The 
intermediate, 2,5-dihydroxyphenylpyru- 
vic acid, is involved in the process 
which requires ascorbic acid and gluta- 
thione. 

The present study establishes that 
L-tyrosine is oxidized by a pathway 
similar to that reported in mammals 
and the cockroach (7). 

‘RuPERT D. PALMER 
Department of Plant Physiology and 
Pathology, Mississippi State 
University, State College 
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Correlation of Nuclear Volume and 
DNA Content with Higher Plant 
Tolerance to Chronic Radiation 


Abstract. The causes of extreme differ- 
ences in radiosensitivities of different 
plant (or animal) species have long 
puzzled radiobiologists. Our investigations 
show that, for diploid species, the larger 
the nuclear volume, the more radiosensi- 
tive the organism. Correspondingly, species 
with farge nuclei have more deoxyribo- 
nucleic acid (DNA) per nucleus than 
those possessing small nuclei. Our data 
now make it possible to predict fairly ac- 
curately the tolerance of plant species to 
ionizing radiation on the basis of average 
nuclear volume and DNA content. The 
same correlations are expected to hold for 
some microorganisms and for animals and 
may explain differences in sensitivities of 
different cell types in many living organ- 
isms. 


It has been noted in previous investi- 
gations (/-—3) that the chromosome size 
characteristic of a species is related to 
the amount of radiation required to 
produce a given effect. In view of the 
tedious nature of accurately determin- 
ing chromosome size or volume, no 


really quantitative data have been pre- 
sented. We assumed that differences in 
chromosome size or volume in different 
species would be reflected in compar- 
able differences in size or volume of 
interphase nuclei (4). On this basis, 
average nuclear volumes of a number 
of plant species of known radiation 
tolerance have been determined. 

A summary of preliminary informa- 
tion concerning the tolerance of higher 
plants to chronic gamma _ irradiation 
from cobalt-60 was given by Sparrow 
and Christensen (2). In a later report 79 
species of plants were grouped accord- 
ing to daily dose rates required to 
produce a comparable degree of mor- 
phological deformity or growth inhibi- 
tion. The dose rates required varied 
from 30 to 6000 r/day. The most re- 
sistant plants were polyploid (3). In 
most of our tolerance experiments ac- 
curate measurements of growth inhi- 
bition were not made, but the row (or 
group) of plants which appeared to have 
shown not more than about 10 to 20 
percent of the normal growth was 
chosen as the critical dosage level. 
Thus, the end point used was an ap- 
proximation which can be assumed to 
be the daily dose rate which would 
essentially stop further cell division. 
In our studies the critical dosage level 
as determined above seems sufficiently 
valid because the possible error for 
each species is relatively small com- 
pared to the variation between species. 
By using the degree of growth inhibi- 
tion as a measure of radiation damage, 
we have found that plant species rang- 
ing from algae to higher plants differ 
in their tolerance by a factor of at least 
5000. The tolerance difference was still 
at least 100-fold when algae and known 
polyploid species were eliminated. 

Collections for nuclear volume 
studies were made from growing plants 
before floral transition. Shoot apices 
were killed, fixed in Craf III, dehy- 
drated, and infiltrated with paraffin by 
the use of a tertiary butyl alcohol series. 
Sections were cut at 10 » and stained 
with safranin-fast green. The diameters 
of interphase nuclei in the tunica 
layer(s) and outer corpus of the vegeta- 
tive meristems were measured with a 
Zeiss ocular micrometer. Ten nuclei on 
each of two slides were measured for 
each species, and average nuclear vol- 
umes were calculated. The deoxyri- 
bonucleic acid (DNA) was extracted 
from root-tip material with sodium 
chloride, a modification of the Schmidt- 
Thannhauser procedure (5), and the 
amount of DNA was estimated by the 
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REGRESSION EQUATION 
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be 
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Fig. 1. Relationship between nuclear 
volume and radiosensitivity in 23 species 
of plants. 1, Allium cepa. 2, Anethum 
graveolens. Antirrhinum majus. 4, 
Arabidopsis thaliana. 5, Brodiaea bridgesii. 
6, Graptopetalum bartramii. 7, Haworthia 
attenuata. 8, Helianthus annuus. 9, Im- 
patiens sultanii. 10, Luzula purpurea. 11, 
Nicotiana glauca. 12, Oxalis stricta. 13, 
Pisum sativum. 14, Raphanus sativus. 15, 
Ricinus communis. 16,  Saintpaulia 
ionantha. 17, Sedum oryzijelium. 18, 
Tradescantia ohiensis. 19, Yradescantia 
paludosa. 20, Trillium grandiflorum. 21, 
Tulbaghia violacea. 22, Vicia faba. 23, 
Zea mays. 


diphenylamine reaction (6). The nuclear 
volumes of the root and shoot meristem 
cell nuclei are approximately the same 
in the plants studied. 

The average volumes of _ shoot 
meristem nuclei from 23 diploid species 
were plotted against the chronic daily 
dose required to produce severe inhibi- 
tion of growth. The resultant graph 


Table 1. DNA content and average volume 
of root-tip nuclei and radiosensitivity of six 
species of plants. The chromosome number of 
the species is shown in parentheses. Deter- 
minations: P, photometric; E, chemical ex- 
traction. 


Av. vol. DNA content (uug) per Radio- 
of resist- 
root-tip Nucleus Chromo- ance 
nuclei some 
(u*) E E 
Lilium henryi (24) 
1100 100 100 4.1 80t 
Tradescantia paludosa (12) 
640 Se 59.4 5.0 40 
Allium cepa (16) 
570 40 54.3 3.4 150 
Vicia faba (12) 
490 18 38.4 3.2 120 
Zea mays (20) 
280 4 14.1 -0.7 375§ 
Glycine max (40) 
150 6.5 0.16 400 


*As determined by Rasch and Woodard. }Daily 
dose required to produce severe growth inhibi- 
tion (in gamma greenhouse). tEstimated value 
based on data for Lilium longiflorum. §Esti- 
mated value based on field experiment. 
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(Fig. 1) shows a clear relationship be- 
tween the two variables—that is, in 
general, the larger the nuclear volume 
the more sensitive the cells (or meri- 
stems) of that species. The population 
regression line has a negative slope of 
mean value —0.73 with 95-percent con- 
fidence limits of —0.882 to —0.582. 
While the slope of the curve relating 
nuclear volume and radiosensitivity is 
less than —1, this does not rule out the 
possibility that it may approach a slope 
of —1 when more extensive data are 
available. A slope of —1 would be of 
considerable interest since it would 
mean that the product of the two varia- 
bles (log dose X log nuclear volume) 
would be a constant. Since dose can 
also be expressed as ionizations per unit 
volume, we can deduce that a reason- 
ably constant number of ionizations is 
required to inhibit multiplication of 
somatic diploid cells regardless of the 
average size of the nucleus (7). 

It has been reported that nuclear 


.volume and the amount of DNA per 


nucleus may be closely correlated (8). 
We are, therefore, attempting to extend 
the correlation by making DNA meas- 
urements on species of known nuclear 
volume and_ radiosensitivity. From 
Table 1 and Fig. 2 it can be seen that 
our preliminary results indicate that the 
amount of DNA per nucleus is related 
to nuclear volume and radiosensitivity 
and that average DNA content per 
chromosome is also related to radio- 
sensitivity in the species studied. Pub- 
lished values of DNA content (9, see 
Table 1) also show a reasonable cor- 
relation with average nuclear volume 
as determined in our laboratory. With 
decreasing nuclear volumes, that is, 
from the larger to the smaller volumes, 
there is a corresponding reduction in 
DNA content and in radiosensitivity. 
Much more extensive data are needed 
to establish the degree of correlation, 
but it seems highly probable that a gen- 
eral relationship may exist between 
average nuclear volume and average 
DNA content. There are certain excep- 
tions—nuclear size and DNA content 
of a tissue or of a species do not always 
vary together (/0)—but this should not 
invalidate the general concept. 

The above correlations have been 
worked out with plant material. How- 
ever, since plant and animal nuclei have 
so much in common, it seems highly 
probable that the same correlations will 
hold for some microorganisms and for 
some animal species as suggested by 
Puck (//). Certainly other factors are 
important, but DNA _ content and 
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Fig. 2. Relationship between mean DNA 
values per chromosome and radiosensitiv- 
ity in five species of plants. 


nuclear volume may also be correlated 
with differences in radiosensitivity of 
different cell types or different stages of 
development in animals as well as in 
plants (12, 13). 

ARNOLD H. SPARROW 

JEROME P. MiIKSCHE 
Biology Department, Brookhaven 
National Laboratory, Upton, New York 
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Identification of a Cyanogenetic 
Growth-Inhibiting Substance in 
Extracts from Peach Flower Buds 


Abstract. A  cyanogenetic substance 
capable of completely inhibiting growth 
of pea sections has been isolated from 
dormant peach flower buds. This sub- 
stance was identified as mandelonitrile 
(dl-benzaldehyde cyanohydrin) by infra- 
red spectographic analysis and paper 
chromatography. 


The presence of a cyanogenetic sub- 
stance capable of completely inhibiting 
growth of pea sections has been re- 
ported to occur in peach flower buds 
(7). Recently, Jones (2) followed the 
level of total cyanide in peach leaves 
and peach flower buds from July 
through February. Total cyanide was 
found to increase rapidly, beginning 
about the time rest ended, and was 
highest in buds in the balloon stage. 
It was proposed that cyanide might 
be associated with rest in peach flower 
buds. 

Earlier attempts by us to isolate and 
identify the cyanide compound resulted 
in failure, primarily because they were 
directed toward obtaining a sample of 
pure crystalline material. When it had 
been determined that the material was 
a liquid, it was isolated in a relatively 
pure form by the following method. 

Dormant peach flower buds were 
collected and extracted for 24 hr in 
two changes of diethyl ether. The ether 
extracts were combined, and the ether 
was evaporated off at room tempera- 
ture. The residue was then dissolved 
in ethyl acetate and filtered. The ma- 
terial left by the evaporation of the 
ethyl acetate was picked up in distilled 


water and filtered. The water fraction, 
which was extracted with diethyl ether 
in a separatory funnel, was discarded. 
Upon evaporation of the ether fraction, 
a yellow oily liquid remained, which 
had an odor similar to that of mandel- 
onitrile. 

On the assumption that this sub- 
stance might be mandelonitrile (dl- 
benzaldehyde cyanohydrin), we _ ob- 
tained a sample of the latter, for com- 
parison with the unknown substance, 
from the K & K Laboratories, Jamaica, 
NY. 

The unknown material and mandel- 
onitrile were chromatographed on 
Whatman No. 1 filter paper in a 
butanol, ethanol, water solvent (1:2:3). 
The unknown material had an Ry of 
0.95, identical with that of mandel- 
onitrile. Both the unknown material 
and mandelonitrile gave a rusty red 
color when the chromatograms were 
sprayed with sodium picrate solution. 
Both materials caused complete inhibi- 
tion of growth of pea sections when 
the spots were cut out of the chromato- 
gram and used in growth tests. As little 
as 10° mole of mandelonitrile was suf- 
ficient to completely inhibit growth of 
pea sections. 

Mandelonitrile and the unknown 
substance were chromatographed in a 
hexane, ethanol, water solvent (1:1:2). 
The unknown material had an R, of 
0.78, identical with that of mandeloni- 
trile. 

Samples of the unknown material 
and of mandelonitrile were sent to 
Sadtler Research Laboratories, Phila- 
delphia, for infrared examination. The 
spectrum of mandelonitrile and that of 


100 MANDELONITRILE 
| C,H,.CH (OH) CN 
70F 
40F 
20} 


PERCENT TRANSMITTANCE 


UNKNOWN 


3 4 5 6 7 
WAVE LENGTH IN MICRONS 


Fig. 1. Infrared absorption spectra of mandelonitrile (top) and of the material isolated 
from dormant peach flower buds (bottom). 
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the unknown were very similar (Fig. 1). 
It was proposed that the differences in 
the spectra might be due to the pres- 
ence of prunasin (d-mandelonitrile 
glucoside), a closely related compound. 
Spectographic analysis of a commercial 
sample of prunasin and of a mixture 
of prunasin and mandelonitrile indi- 
cated that the unknown sample sent in 
for analysis did contain a_ small 
quantity of prunasin. Prunasin is re- 
ported to be the first breakdown prod- 
uct of amygdalin, mandelonitrile being 
formed upon the hydrolysis of prun- 
asin. 

The results of these investigations 
indicate that the cyanogenetic growth- 
inhibiting substance isolated from 
peach flower buds is mandelonitrile, a 
powerful growth-inhibiting substance. 
To our knowledge, neither mandel- 
onitrile nor prunasin has been previ- 


ously reported to occur in peach 
flower buds (3). ; 
M. B. JoNEs 
J. V. 


New Mexico State University, 
University Park 
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Reaction of Human Sera with 
Mammalian Chromosomes Shown by 
Fluorescent Antibody Technique 


Abstract. Certain human sera, includ- 
ing sera from five patients with lupus 
erythematosus, react with mammalian 
chromosomes. If chromosomal prepara- 
tions are exposed first to the serum and 
then to horse antihuman globulin conju- 
gated with fluorescein, the chromosomes 
will fluoresce. Sera having this activity 
appear to react with all the chromosomes 
of the cell. 


Sera from patients with certain 
diseases, particularly lupus erythema- 
tosus, react with the nuclei of human 
cells. When serum with antinuclear 
activity is incubated with human cells, 
gamma globulin from the serum reacts 
with the nuclei of the cells. If the cells 
are then incubated with rabbit or horse 
antihuman globulin, which has been 
conjugated with fluorescein, the nuclei 
will fluoresce under ultraviolet light 
(/). Sera from a number of patients 
with lupus erythematosus, Sjégren’s 
syndrome, and several other diseases 
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Table 1. Nuclear fluorescence after treatment 
of cells with certain sera and staining with 
fluorescein-labeled horse antihuman globulin. 


Lupus 
erythematosus 


Sjérgen’s Normal 


Nephrosis syndrome donors 


Sera tested 
6 z 3 3 


Sera positive against acetone-fixed mouse 
liver nuclei (1:8 dilution) 
6 2 3 0 


Sera positive against ITA* nuclei 
(chromosomal preparation) 
1 0 0 


Sera positive against CHA? nuclei 
(chromosomal preparation) 
5 1 


* ITA, a strain of human euploid fibroblasts de- 
veloped from skin of a normal donor. + CHA, 
a line of Chinese hamster fibroblasts (see text). 


have been shown to possess this activity 
in high titer (2, 3). In some cases, dis- 
cernible antinuclear activity has been 
found at titers in excess of 1:4000. 
Antinuclear activity is uncommon in 
sera from normal donors and is very 
rare at titers greater than 1:8. A titer 
of 1:8 has therefore been arbitrarily 
designated as diagnositic of abnormal 
sera. 

The antinuclear activity when present 
is demonstrable against the patient’s 
own cells, cells from other donors, and 
other mammalian cells. The significance 
of this activity in the diseases in which 
it is commonly found is not fully un- 
derstood. The activity may be related 
in some instances to the pathogenesis 
of the disease. 

The material within the nucleus with 
which the serum reacts has been studied 
in the case of patients with lupus ery- 
thematosus. It would appear that the 
serum reacts with deoxyribonucleic acid 
and with nuclear histones (4). Some 
other nuclear antigens may also be in- 
volved. 

Since the reaction is between the 
serum and the nucleus of the cell, 
and since it is histologically demon- 
strable, we have inquired whether the 
chromosomes are involved in the reac- 
tion. One might expect them to be, 
partly because of the character of the 
known antigens referred to above and 
partly because of the extent of the 
nuclear reactions—that is, the reaction 
is not confined to the nuclear mem- 
brane. We were particularly interested 
in the following questions. 

1) In lupus erythematosus sera 
which have antinuclear activity, will 
the chromosomes fluoresce? If so, do 
all of them fluoresce, or some of them, 
or only certain segments? 
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2) Do sera from patients with 
Sjogren’s syndrome and other diseases 
where antinuclear activity is sometimes 
present show the same pattern of 
chromosomal fiuorescence as lupus ery- 
thematosus sera? 

Sera from six patients with lupus 
erythematosus, three with Sjégren’s 
syndrome, and two with nephrosis were 
used. All the sera had antinuclear 
activity, detectable at a dilution of at 
least 1:8 when tested by the fluores- 
cent antibody technique with acetone- 
fixed mouse liver sections (5). Sera 
from three normal controls were also 
used. These sera had no detectable 
antinuclear activity when tested under 
the same conditions used for the ab- 
normal sera. 

Chromosomal preparations from two 
strains of euploid human _ fibroblasts 
and human peripheral blood from a 
normal donor were used. The lines 
were developed by the usual tech- 


nique (6). In addition, an established 
line of Chinese hamster fibroblasts 
(7) and the S-3 subline (8) of the 
Hela group (9) were used. Chromoso- 
mal preparations of tissue culture cells 
were made by the technique of Tjio 


and Puck (/0), and those of peri- 
pheral blood cells were prepared by 
the method of Moorhead et al. (/1). 
After fixation and air drying of 
the cultured cells and mouse liver 
sections, the test sera were allowed to 
react with the preparations for 20 min 
and subsequently were stained with 
fluorescent antibody by the technique 
of Goodman et al. (5). The specimens 
were stimulated with ultraviolet light 
at wavelengths of 3900 to 4400 A and 
3600 to 3700 A, and fluorescence 
photomicrographs were taken as de- 
scribed by Tobie (/2). 

In Table 1 the reactions of the un- 
diluted sera used with the nuclei of two 
lines of cultured cells are given. Simi- 
lar results were obtained with the other 
lines used and with peripheral blood 
cells in short-term culture. Note that 
although the sera from three patients 
with Sjégren’s syndrome had anti- 
nuclear activity against acetone-fixed 
mouse liver cells, they did not react 
with the nuclei of the cultured cells 
(Carnoy-fixed) . 

The sera which did show antinuclear 
activity against the cultured cells ap- 
peared to react with all the chromo- 


Fig. 1. Fluorescence photomicrograph of human chromosomes from peripheral blood 
culture stimulated with ultraviolet light (3900 to 4400 A). Chromosomes were treated 
with a dilution of a lupus erythematosus serum (1:50) and stained with fluorescein- 
labeled horse antihuman globulin. Fig. 2. Photomicrograph of the chromosomes 
in Fig. 1 taken with visible, white light; orcein stain. Fig. 3. Fluorescence photomicro- 
graph of Chinese hamster chromosomes from tissue culture stimulated with ultraviolet 
light (3900 to 4400 A). Chromosomes were treated with a dilution of a lupus erythema- 
tosus serum (1:50) and stained with fluorescein-labeled horse antihuman globulin. Fig. 4. 
Photomicrograph of the chromosomes in Fig. 3 taken with visible, white light; orcein 


stain. 
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somes of the cells. When incubated 
first with these sera and then with 
horse antihuman globulin ‘conjugated 
with fluorescein, the euploid fibro- 
blasts and the peripheral blood cells 
(Fig. 1) showed 46 discrete fluorescent 
chromosomes. When, after fluorescent 
staining, the same cell was restained 
with acetic acid—orcein and photo- 
graphed in visible light, every chromo- 
some staining with fluorescent anti- 
body also stained with orcein (Fig. 2). 
Similar results were obtained with the 
Chinese hamster line (Figs. 3 and 4). 
The sera from the normal donors, one 
patient with lupus erythematosus, one 
patient with nephrosis, and from the 
three patients with Sjégren’s syndrome 
did not lead to any chromosomal fluor- 
escence. Easily detectable chromoso- 
mal fluorescence was obtained with 
one lupus erythematosus serum. at a 
dilution of 1:320. 

These investigations suggest that 
certain human sera react with mam- 
malian chromosomes and that, more- 
over, the reaction is with the full 
chromosomal complement of the cell. 
It may be of interest to see whether 
sera which are more specific in their 
chromosomal reactions can be found. 
It may also be useful to try to absorb 
some of the antinuclear activity with 
nuclear fractions or with nuclei from 
one species before incubating the sera 
with chromosomes from another 
species. 

RoBERT S. KROOTH*, JOHN E. TOBIE, 

J. H. Ts10o, Howarp C. GooDMAN 
National Institutes of Health, 

Bethesda, Maryland 
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Possible Mode of Antidepressive 


Action of Imipramine 


Abstract. Imipramine augmented and 
prolonged methamphetamine-induced in- 
creases in the rate of responding of rats 
working for “rewarding” hypothalamic 
and midbrain stimulation. In _ contrast, 
chlorpromazine antagonized the effects of 
methamphetamine’ on self-stimulation. 
These opposite psychopharmacological 
effects are consistent with the different 
clinical effects of these drugs and suggest 
a mechanism for the antidepressive action 
of imipramine. 


Despite the similarity between their 
chemical structures, imipramine and 
chlorpromazine differ in certain of 
their clinical actions. As a rule, chlor- 
promazine calms agitated patients, 
while imipramine elates depressed ones 
(1). Pharmacological tests have pro- 
vided no basis as yet for the qualitative 
difference in these clinical actions. 
Most often, the same pattern of results 
is seen with the two drugs in the 
laboratory (2). 

As a basis for our experiments, we 
have tentatively taken the view that 
agitations and depressions result from 
abnormalities in motivational and re- 
ward processes—agitation from patho- 
logical overactivity of reward processes 
(3), and depression from underactiv- 
ity. On this view, it may be supposed 
that drugs effective against agitation 
inhibit an excessive reward activity, 
and that drugs effective against depres- 
sion enhance a deficient reward activ- 
ity. 
The brain system that subserves 
these functions of motivation and re- 
ward has been made accessible to ex- 
perimental investigation by the devel- 
opment of precise methods both for 
stimulating deep in the brain and for 
measuring changes in behavior. The 
self-stimulation technique, in which an 
intact and unanesthetized animal is 
trained to obtain brief electrical stimu- 
lations of its own brain by performing 
an arbitrary response (such as pressing 
a lever), is the method of choice for 
these studies (4). In this paper, we re- 
port the effects, and particularly the 
interactions, of imipramine, chlor- 
promazine, and amphetamine on self- 
stimulation. 

Adult male rats were implanted with 
permanent bipolar platinum electrodes 
in the posterior hypothalamus or mid- 
brain tegmentum. After they recov- 
ered, they were trained to stimulate 
their brains electrically by pressing a 
lever. Each response delivered a 0.15- 
sec current train of moderately re- 


warding intensity (about 0.4 ma), 
The stimulating wave form was a 
square pulse of 0.2-msec duration pre- 
sented at 100 pulses per second through 
a cathode follower output stage and a 
shielded, low-impedance isolation trans- 
former to the electrodes (5). These 
stimulating conditions are relatively 
noninjurious and thus allow the self- 
stimulation base lines to be stable for 
many months. With properly placed 
electrodes, the training often requires 
only a few minutes. 

After the rats became expert at self- 
stimulation, the stimulating current was 
lowered individually for each rat, to a 
level in the vicinity of the threshold for 
self-stimulation (0.1 to 0.25 ma). Drug 
tests were begun after many sessions 
under the minimal current conditions, 
after the response rates had stabilized 
at a low level. At least one week inter- 
vened between drug dosings. All doses 
reported are expressed in terms of the 
total salt. 

Our first experiments compared the 
effects of chlorpromazine and imipra- 
mine. The results were somewhat dis- 
appointing, as both drugs were found 
to inhibit self-stimulation. Chlorproma- 
zine was about ten times more potent 
as an inhibitor than imipramine. These 
results coincided with published phar- 
macological findings. 

We then learned of work of Carlton 
(6) who found that imipramine aug- 
ments the facilitating action of amphe- 
tamine on conditioned avoidance be- 
havior. We knew from earlier studies 
that amphetamine is a highly active 
agent in the self-stimulating test; spe- 
cifically, it lowers the threshold for elec- 
trical reinforcement, indicating a fa- 
cilitating action on structures of the 
reward system (7). We therefore set 
about to determine the effects of imi- 
pramine and chlorpromazine on_ the 
amphetamine or methamphetamine) 
response in the self-stimulation test. 

Figure 1 summarizes our main find- 
ings. Six weekly sessions of self-stimu- 
lation performance under various drug 
conditions are depicted for a rat im- 
planted in a reward area of the mid- 
brain tegmentum. The, depressed base 
line rate of self-stimulation generated 
by the threshold current intensity is 
seen in Fig. 14. A small dose of d- 
methamphetamine hydrochloride (0.25 
mg/kg) produced a clear increase in 
rate beginning about 15 min after the 
injection (Fig. 1B). The methamphe- 
tamine dose was carefully selected to 
provide a moderate, but unequivocal, 
effect. Pretreatment with 3 mg/kg of 
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chlorpromazine hydrochloride antag- 
onized the facilitative effect of the 
methamphetamine on self-stimulation 
(Fig. 1C). In contrast, pretreatment 
with 5 mg/kg of imipramine hydro- 
chloride greatly augmented the increase 
in the self-stimulation rate induced by 
methamphetamine. This dose of imi- 
pramine has no apparent effect of its 
own on self-stimulation. Greater aug- 
mentation is seen to result from a 15 
mg/kg dose than from a 5 mg/kg dose 
(compare Figs. 1D and 1E). The la- 
tency of the methamphetamine re- 
sponse also was decreased by imipra- 
mine pretreatment; the effect on la- 
tency may be seen to be dependent on 


the dose of imipramine. These effects 
are extremely dependable; we have ob- 
tained imipramine potentiation of am- 
phetamine effects more than 100 times 
with about 30 different animals in 
various follow-up experiments (8). 
Also interesting was the finding that 
chlorpromazine will antagonize the 
augmenting effect of imipramine on 
methamphetamine (compare Figs. 1E 
and IF). 

The present findings make it clear 
that imipramine does in fact favorably 
influence the activity of the brain sys- 
tem associated with reward, as we ex- 
pected an antidepressant would. How- 
ever, it seems to act in some indirect 


RAT V-39 MIDBRAIN TEGMENTUM 


A NO DRUG CONTROL Pe 
SELF- 
STIMULATIONS 
TO MIN. 

d-METHAMPHETAMINE (0.25 mg/kg) 

M 
4 3mg/kg CHLORPROMAZINE before d-METHAMPHETAMINE (0.25 mg/kg) 


M 


D 5mg/kg IMIPRAMINE before d-METHAMPHETAMINE (0.25 mg/kg) 


15 mg/kg IMIPRAMINE before d-METHAMPHETAMINE (0.25 mg/kg) 


F 3 mg/kg CHLORPROMAZINE and 15 mg/kg IMIPRAMINE before d-METHAMPHE TAMINE 
(0.25 mg/kg) 
c M 
Fig. 1. Cumulative records of self-stimulation obtained from a representative rat 


with a midbrain electrode in six weekly experimental sessions. The different drug 
conditions are indicated. The arrows mark the time of the drug injections. 
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augmenting capacity (since ampheta- 
mine is required for the action) rather 
than through direct stimulation. This 
accords with the suggestion of Sigg 
(2) that imipramine exerts a “sensi- 
tizing” influence on central adrenergic 
synapses. All our data can be viewed 
as supporting this notion in the light 
of two considerations: (i) the work 
of Vogt showing that structures of the 
reward system have an unusually rich 
distribution of norepinephrine, and (ii) 
the suggestions of Brodie and Shore 
that amphetamine acts centrally by mi- 
micking norepinephrine, and_ chlor- 
promazine acts centrally by blocking 
norepinephrine (9). Whether imipra- 
mine sensitizes directly, as has been 
postulated for cocaine, or indirectly, by 
the blockade of inhibiting influences, 
for example, remains a problem for 
future research (/0). 
LARRY STEIN 

JosEPH SEIFTER 
Basic Medical Sciences Research 
Division, Wyeth Laboratories, 
Philadelphia, Pennsylvania 
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Marine Animal Sounds 


Under the auspices of the biology 
branch of the U.S. Office of Nawal Re- 
search, a conference was held on 30 
and 31 March and | April at the Lerner 
Marine Laboratory, Bimini, Baharnas, 
a field station of the American Museum 
of Natural History, New York. The 
purpose was to acquaint interested sci- 
entists with the progress of a recently 
initiated study to determine the feasi- 
bility of obtaining information on ma- 
rine animals in their natural environ- 
ment by means of a hydrophone 
system. This project is being carried 
on by the Marine Laboratory, Institute 
of Marine Science, University of Mi- 
ami, under the direction of John C. 
Steinberg. 

There were 20 participants and 
guests at the conference. William N. 
Tavolga, of the American Museum of 
Natural History, served as chairman. 
Also present were James A. Oliver, di- 
rector of the American Museum; Rob- 
ert S. Mathewson, resident director of 
the Lerner Marine Laboratory; and 
Michael Lerner, founder of the labora- 
tory. Representing the Marine Labora- 
tory, Institute of Marine Science, Uni- 
versity of Miami, were F. G. Walton 
Smith (director), Fritz Koczy, Stein- 
berg, Warren J. Wisby, William C. 
Cummings, Morton Kronengold, Her- 
bert Kumpf, and Joseph Richard. At- 
tending from the Narragansett Marine 
Laboratory, University of Rhode Is- 
land, were Charles J. Fish (director) 
and Marie Poland Fish. From_ the 
Woods Hole Oceanographic Institution 
were Richard H. Backus and William 
E. Schevill. Representing the Office of 
Naval Research was Sidney R. Galler. 

The system under consideration con- 
sists of two hydrophones located on 
the east bank of the Gulf Stream which 
are connected by cable to shore-based 
recording and analyzing equipment in 
the Lerner Marine Laboratory. The 
clarity of the waters around Bimini, the 
proximity of the Gulf Stream, and the 
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Meetings 


presence of the laboratory led to the 
selection of this location. One hydro- 
phone is on the bottom, a mile from 
shore, at a depth of 17 fathoms. The 
other is a mile farther out, at 200 
fathoms. The equipment makes possible 
continuous monitoring of sounds over 
long periods of time. 

Roars, knocks, honks, squeals, “pop- 
ping of corks’—old sounds from new 
places—were heard in profusion from 
the ocean depths as scientists exchanged 
ideas and discussed new problems. It 
was the enthusiastic and unanimous 
consensus, even at this early stage in 
the operation of the installation, that 
sound-producing animals frequent the 
waters of the Bimini area in sufficient 
numbers to make the region of interest 
in the study of marine bioacoustics. It 
appears that investigations in the fol- 
lowing categories are feasible: concur- 
rent visual observations, experimental 
behavior studies, identification of 
sources of unknown sound, and studies 
of seasonal changes. 

WILLIAM N. TAVOLGA 
American Museum of Natural History, 
New York, New York 
JOHN C. STEINBERG 
Marine Laboratory, 
University of Miami, Miami, Florida 


Forthcoming Events 


August 
23-1. Radioisotopes in the Biological 
Sciences, conf., Intern. Atomic Energy 
Agency, Vienna, Austria. (IAEA, 11 


Kartner Ring, Vienna 1) 

24-26. Physiology of the Hippocampus, 
intern. colloquium, Montpellier, France. 
(Mme. Mineur, Centre National de la 
Recherche Scientifique, 13 Quai Anatole 
France, Paris 7) 

26-1. Radiology, 10th intern. congr., 
Montreal, Canada. (C. B. Peirce, Suite 
204, 1555 Summerhill, Montreal 25, 
Canada) 

26-2. History of Science, 5th intern. 
congr., Ithaca, N.Y., and Philadelphia, 
Pa. (Secretary, 5th Intern. Congr. of the 
History of Science, Cornell Univ., Ithaca, 
N.Y) 


27-29. International Congr. of Group 
Psychotherapy, 3rd, Paris, France. (W. 
Warner, P.O. Box 819, Grand Central 
Station, New York 17) 

27-29. Psychosomatic Aspects of Neo- 
plastic Disease, 2nd annual conv., Paris, 
France. (L. L. LeShan, Intern. Psycho- 
somatic Cancer Study Group, 144 E. 90 
St., New York 28) 

27-1. American Congr. of Physical 
Medicine and Rehabilitation, Cleveland, 
Ohio. (D. C. Augustin, 30 N. Michigan 
Ave., Chicago 2, Ill.) 

27-1. American Inst. of Biological 
Sciences, annual, Lafayette, Ind. (J. R. 
Olive, AIBS, 2000 P St., NW, Washing- 
ton 6) 

27-1. Coordination Chemistry, 6th in- 
tern. conf., Detroit, Mich. (S. Kirschner, 
Dept. of Chemistry, Wayne State Univ., 
Detroit 2) 

28-30. Mathematical Assoc. of Amer- 
ica, Stillwater, Okla. (H. L. Alder, MAA, 
Univ. of California, Davis) 

28-30. Oak Ridge Inst. of Nuclear 
Studies, 8th annual summer symp., Gatlin- 
burg, Tenn. (Symposium Office, University 
Relations Division, Oak Ridge Inst. of 
Nuclear Studies, P.O. Box 117, Oak 
Ridge, Tenn.) 

28-30. Scandinavian Symp. on Fat 
Rancidity, 3rd, Sandefjord, Norway. (E. 
Tornudd, Gaustadallen 30, Blindern, Nor- 
way) 

28-31. American Assoc. of Clinical 
Chemists, natl., New York, N.Y. (B. Klein, 
Chemistry Dept., Kingsbridge V.A. Hospi- 
tal, Bronx, N.Y.) 

28-31, American Soc. for Pharmacol- 
ogy and Experimental Therapeutics, Roch- 
ester, N.Y. (K. H. Beyer, Merck, Sharp 
and Dohme Research Laboratories, West 
Point, Pa.) 

28-31. Chemical Physics of Nonmetal- 
lic Crystals, intern. conf., Evanston, Il. 
(O. C. Simpson, Argonne National Lab- 
oratory, 9700 South Cass Ave., Argonne, 
Til.) 

28-1. Heat Transfer Conf., intern., 
Boulder, Colo. (S. P. Kezios, American 
Soc. of Mechanical Engineers, 29 W. 39 
St., New York 18) 

28-1. Ionization Phenomena in Gases, 
5th intern. conf., Munich, Germany. 
(Secretariat, Oskar von Miller Ring 18, 
P.O. 463, Munich 1) 

28-1. Radioactive Metrology, symp., Ox- 
ford, England. (B. W. Robinson, Applied 
Physics Division, National Physical Lab- 
oratory, Teddington, Middlesex, England) 

28-1. Rockets and Astronautics, 3rd 
intern. symp., Tokyo, Japan. (Japanese 
Rocket Soc., 1-3, Ginza-Nishi, Chuo-Ku, 
Tokyo) 

28-2. European Soc. of Haematology, 
8th congr., Vienna, Austria. (H. Fleisch- 
hracker, Frankgasse -8,  Billrothhaus, 
Vienna 9) 

28-2. International Assoc. of Medical 
Laboratory Technologists, general as- 
sembly, Stockholm, Sweden. (Miss M. 
Westenins, Statens Bakteriologiska Labo- 
ratorium, Box 764, Stockholm 1) 

28-2. Detonation Waves, intern. collo- 
quium, Gif-sur-Yvette, France. (G. M. 
Ribaud, Centre National de la Recherche 
Scientifique, 13 Quai Anatole France, 
Paris 7, France) 

(See issue of 21 July for comprehensive list) 
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GLASS ABSORPTION 
CELLS 


KLETT 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 


Klett Manufacturing Co. 
179 East 87 Street, New York, New York 


WATER AND AGRICULTURE 


A symposium presented at the AAAS 
Washington Meeting, 
December 1958. Published June 1960. 
Roy D. Hockensmith, Editor 


6 x 9, 206 pp., 21 illus., cloth 
$5.00 AAAS members’ cash orders, $4.50 


CONTENTS | 


Water for the future: E. A. Ackerman, C. A. 
Davis, C. B. Brown, and R. L. Nace 


Water sources: W. C. Ackermann, H. T. Orville, 
C. H. M. Van Bavel, and G. L. Barger 


Water planning and use: C. H. Wadleigh, H. C. 
Storey, W. D. Criddle, and W. |. Palmer 


Water control: T. W. Edminster, F. L. Timmons, 
D. L. Klingman, G. E. Harbeck, Jr., and C. B. 
Tanner 


British agents: Bailey Bros. & Swinfen, Ltd. 
Hyde Central Street 
London, 


American Association for the 
Advancement of Science 
1515 Massachusetts Avenue, NW 
Washington 5, D.C. 
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PHOTOVOLT 


LINE-OPERATED 
SUPER-SENSITIVE ELECTRONIC 


MULTIPLIER-PHOTOMETER 


For the exact measurements of ner low light 
values down to 1/10,000 microlumen . - for absorp- 
tion and flame photometry. Colorimetry through 
microscopes. Scintillation measurements on crystals. 
Fluorescence trace analysis. Monochromatic color 
densitometry. Measuring high densities on micro 
areas. Light measurements through telescopes. 


MOD. 520-M 


Write for Bulletin #360 to 


‘PHOTOVO LT Corporation 


1115 Broadway New York 10, N. Y. 


y-Aminobutyric-1-€"" Acid 


50 vc/$35 100 _»e/$45 


6-Alanine-1-C" 
50 »c/$30 100 vc/$38 
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PERSONNEL PLACEMENT——— 


CLASSIFIED: Positions Wanted 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. 


COPY for ads must reach SCIENCE 2 weeks 
before date of issue (Friday of every 
week). 

DISPLAY: Positions Open. Rates listed be- 
low—no charge for Box Number. Rates 
net. No agency commission. No cash 
discount. Minimum ad: 1 inch. Ads over 
1 inch will be billed to the nearest 
quarter inch. Frequency rate will apply to 
only repeat of same ad. No copy 
changes. Payment in advance is required 
except where satisfactory credit has been 
established. 


Single insertion $40.00 per inch 
4 times in 1 year 38.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks — date of 
issue (Friday of every week). 


Replies to blind ads should be addressed 
as follows: 
Box (give numbe;) 
Science 
Washington 5, 


POStTIONS WANTED fill 


OPEN 
CHEMIST 


With experience in isolation of drugs and toxic 
substances, for toxicology laboratory. Starting 
salary $6480; $6920 at end of first year, maxi- 
mum at $7640. Paid hospital and medical insur- 
ance. Send résumé to B. Dearington, State De- 
partment of Health, State Office Building, Hart- 
ford, Conn. 


ENDOCRINOLOGIST 


Recent Ph.D., or some experience. Back- 
ground and interests in biochemical aspects 
of steroids and other agents as related to 
hormonal action. New laboratories and op- 
portunities for original research. Salary 
commensurate with qualifications. 


Interested persons write to Richard Cordell, 
Personnel Department, ABBOTT LABORA- 
TORIES, North Chicago, Illinois. 


The Market Place 


BOOKS « SERVICES + SUPPLIES »« EQUIPMENT 


DISPLAY: Insertions must be at least 1 
inch in depth. Weekly invoices will 
sent on a charge account basis—pro- 
vided that satisfactory credit is es- 


tablished. 
Single insertion $48.00 per inch 
4 times in 1 year 44.00 per inch 
13 times in 1 year 42.00 per inch 
26 times in 1 year 40.00 per inch 


PROOFS: If copy is to be set, and proofs 
submitted for approval, complete copy 
and cuts must be received 4 weeks in 
advance of publication date (Friday of 
each week); complete plates no later 
wee 3 weeks in advance of publication 
late. 


M.S. in Chemistry interested in working for 
Ph.D. in biochemistry at University of Houston. 
Identification and purification of biologic im- 
mune factor anti-tumor agent applied toward 
research requirements. Salary $6000-$7000. Box 
20065, Houston 25, Texas. 


Bacteriologist. B.S., M.S. 3 years’ experience, 

year commercial in vaccine development. 
Seeks nce or institution position. Box 
158, SCIEN x 


Biology Teacher desires position in northern 
college. M.A.; now teaching zoology, botany, 
plant morphology; trained in zoology, ecology, 
conservation. Publications; references available. 
Daniel McKinley, 624 Hunter Avenue, Winston- 
Salem, North Carolina. 8/4 


Clinical Microbiologist. M.S. Now associated 
with research institution. Desires position, super- 
vise hospital microbiology laboratory. Méetro- 
politan New York area. Box 159, SCIENCE. 


MICROBIOLOGIST III. Position with the 
Hawaii Department of Health’s plague re- 
search project. Requires 3 years’ experience 
in conducting bacteriological, parasitological, 
and serological laboratory tests and analyses 
and a master’s degree with specialization in 
or medical science. Salary: $6792- 

8256 per annum. Write to Department of 
tarot Services, 825 Mililani St., Honolulu 

awaii. 


POsrrrons oPEN_ 


INFORMATION SCIENTIST 
Our organization is actively engaged in the 
development of new mntivaedle for the dissemi- 
nation and retrieval of scientific information. 
We offer an exceptional opportunity for a 
qualified man or woman on our CITATION 
INDEX PROJECT—a new approach to bibli- 
ographic control of scientific literature (See 
Science 122: 108-11, 1955). This full-time 
position carries the ‘responsibility of super- 
vising a staff of clerical and data processing 
personnel. The individual we are seeking 
may be a librarian or a scientist. He should 
have major experience in one or more of 
these areas: reference, cataloging, indexing, 
data processing. Send your complete resume 
including salary requirements to: 
‘Institute for Scientific Information 
Dept. 
33 So. 17th St. Phila., 3, Pa. 


CHEMIST 


(NATURAL PRODUCTS RESEARCH) 


Unusual opportunity for Organic Chemist with 
1.8. or equal with interest in or experience 
with Natural Products (principally alkaloids) 
and the interrelationships of chemistry, botany 
and pharmacology. Evaluation of literature and 
laboratory data, close scientific contact with 
other members of team and organization, as 
well as foreign and domestic investigators. 
Ability to write clearly important. Excellent 
salary policy—broad benefits. Send complete 
résumé to: 


S. M. FUESS 
Smith Kline & French 
Laboratories 


1518 Spring Garden Street 
Philadelphia 1, Pa. 


An Equal Opportunity Employer 


UNIVERSITY LOVANIUM OF LEOPOLDVILLE 


Applications are invited from candidates with doc- 
rs degree for appointment as lecturer in mathe- 
uactering in French language) to up 
$ degree. Duties to commence in get ber 


Salary scale, including overseas pay, $7,100 to 
$8,100 per annum. Free housing, medicai care and 
insurance. Post is pensionable. Free passage, once 
each way for each tour of service for person ap- 
pointed and wife; Passage or 

if for children unde 18. 


Tours of service: 9 months 

Write for further information (with curriculum 
vitae) to Rector L. Gillon, University Lovanium, 
B.P. 121, Leopoldville XI, Republique du Congo. 


includin pay $7,10 to 
$8,100 annum. housing, medical cdr 
insurance, post is pensionable. Air passage and 
family allowance. 

Write for further information (with curriculum 
vitae) to the President of the University, Univer- 
a Lovanium, B.P. 121, Leopoldville XI, Re- 

lique du Congo. 


INVERTEBRATE ZOOLOGIST 
for 1961-62 
Major responsibility would be a_ two- 
semester course in invertebrate zoology. 
Experience necessary. Rank probably as- 
sistant professor. Write directly to Chair- 
man, Department of Biology, . 
University of Colorado 
Boulder, Colorado 


MEMORIAL UNIVERSITY OF 
NEWFOUNDLAND 


St. John’s, Newfoundland, Canada 

Applications are invited for the position of 
Assistant Professor of Biology to give instruc- 
tion primarily in Animal Physiology. 

Candidates with background and experience 
in Marine Biology will receive preference. 
Ph.D. or equivalent essential. Duties begin- 
ning September 1961 to include teaching and 
research. The starting salary will be based on 
qualifications and experience. 

Applications accompanied by complete cur- 
riculum vitae and the names of three references 
should be addressed to the Head, Department 
of Biology, Memorial University of New- 
foundland. 


BOOKS AND MAGAZINES 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
aeiggtcr eer files you are willing to sell at hi ph mar- 
et prices. Write Dept. A3S, CANNER Inc. 
Boston 20, 


SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at top prices. 
Your wants supplied from 
our Back Files of over 3,000,000 periodicals. 
Abrahams Magazine Service N. Y. 3, N. Y. 


PROFESSIONAL SERVICES _ 


|CONSULTATION AND RESEARCH SINCE 1922} 


Toxicology » Pharmacology 


Duy Nutrition + Biochemistry + Bacteriology 
. BERNARD L. OSER, Ph.0.. Director 

tmeonronate® Maurice Avenue at 58* Street 

’ ng 40600 Maspeth 78, New York City 


SUPPLIES AND EQUIPMENT |} 


YOU NEED THIS FREE 
CATALOG FOR YOUR FILES 


Serums, antiserums and bloods 
of all kinds for technicians and tissue 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St. * MAin 3-5373 * Denver 16, Colo. 


“From the hand of the veterinarian 


to research’ ® 


albino rats 

CHARLES RIVER *CD 
(Caesarean derived) 

CHARLES RIVER SD 

(Sprague-Dawley descendants) 

CHARLES RIVER W 

(Wistar descendants) 


HYPOPHYSECTOMIZED RATS 


@ Only Charles River CD animals used 


@Rigidly controlled environment 
(same bldg.) birth to surgery. 


@ High speed surgery by graduate biologists, 
@10 years experience animal surgery. 
@ Overnight air service from Boston 

* Trademark 


THE CHARLES RIVER BREEDING LABS 
1018 Beacon St., Brookline 46, Mass. RE. 4- 2000 
Henry L. Foster, D.V.M., President 
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APPLICATION FOR HOTEL RESERVATIONS 
123th AAAS MEETING 
Denver, 26-31 December 1961 


The hotels for the AAAS Denver meeting have established special, low rates and have reserved appropri- 
ately large blocks of rooms for this meeting. Thus everyone making room reservations for the AAAS meeting is 
assured substantial savings. 

The list of hotels and the reservation coupons below are for your convenience in making your hotel reser- 
vation in Denver. Please send your application, not to any hotel directly, but to the AAAS Housing Bureau 
in Denver and thereby avoid delay and confusion. The experienced Housing Bureau will make assignments 
promptly; a confirmation will be sent you in two weeks or less. 

If requested, the hotels will add a comfortable rollaway bed to any room, at $3.00 per night. Mail vour 
application now to secure your first choice of desired accommodations. All requests for reservations must give 
a definite date and estimated hour of arrival, and also probable date of departure. 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


For a list of the headquarters of each participating society and section, see page 197, Science, 21 July. The Hilton is the 
AAAS headquarters hotel. 


Rates for Rooms with Bath* 
Single Double Double Twin Beds Twin Beds Studio 


Hotel for one for two for one for one for two Twins Suites 
Hilton $8.50 $14.00 $10.00 $14.00 $15.00 $27.00 to $55.50 
Brown Palace 8.00 13.00 9.00 $10.00 15.00 24.00 to 65.00 
Cosmopolitan 8.50 13.00 9.00 10.00 14.00 25.00 to 60.00 
Shirley Savoy 10.00 7.50 9.00 12.00 25.00 to 40.00 


* All rooms are subject to a 2% Colorado State sales tax. 


-— THIS IS YOUR HOUSING RESERVATION COUPON _ 
AAAS Housing Bureau 
225 West Colfax Avenue Date of Application: ...... 


Denver 2, Colorado 


Please reserve the following accommodations for the 128th Meeting of the AAAS in Denver, 26-31 December 1961: 


TYPE OF ACCOMMODATION DESIRED 


Single Room ......... Double-Bedded Room .......... Twin-Bedded Room ........... Studio Twins: 


(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 


(These must be indicated—add approximate hour, A.M. or P.M.) 
(Individual requesting reservation) (Please print or type) 
(Street) (City and Zone) (State) 


Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
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Nuclear-Chicago’s new family of liquid scintillation counters — 


Just months old and already meeting 
the critical demands of exacting research 


Although introduced and well received just last April, 
Nuclear-Chicago's new family of liquid scintillation counters 
is already hard at work. At varying levels of work load and 
within widely differing budgets, these three systems are 
setting new standards of precision, sensitivity and conven- 
ience for demanding scientists. 


Research programs expand and equipment needs are 
upgraded. These new counting systems — compatible with 
your present, standard scaling instruments—easily accom- 
modate to such growth. 


Model 701 is a modestly priced, basic system for manual, 
room-temperature counting of limited numbers of samples. 
Uniquely sensitive detector assembly and advanced, trans- 
istorized circuitry provide high counting efficiency for 
carbon-14, tritium, and other soft-beta emitting isotopes. 
Model 702 adds a precision-controlled low-temperature 
chamber for increased tritium-counting efficiency. The 
third member of the family, Model 703, provides fully auto- 
matic sample handling and varied options of readout. 


Field conversion to upgrade Models 701 and 702 as work 
load and budget permit requires only the addition, first, of 
the custom-built, compact cooling chamber, and then, of 
“the automatic sample changer mechanism. : 


Model 701. + Medel 702 Model 703 


Model 701—manual operation, shown with 8250 scaler 


Model 702—manual, temperature-controlled operation, shown with 
8250 scaler and 8600 timer “Sy 


Mode! 703—automatic, temperature-controlled operation, shown with 
two 8250 scalers, 8600 timer and 8401 digital recorder 


Please request literature on these integrated systems. 


nuclear-chicago 
CORPORATION 


349 EAST HOWARD AVENUE, DES PLAINES, ILLINOIS 
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